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1« Iiiflm®so® of TOFiTOs factors oa yi@ld»» 5S 
2t l®lRtiQ33taMpa of phos|5lmt« S5 
0, fb.® fopsafeioa ef fhmphQgljmrie MM la 
B&ettrlaX 'l>lMi»i2.«.ti©a Olneoa##68 
1# Pi'opioalo ftoM fefe.®t®pla*S8 
aati .E#gfe»i».i.ehia 
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lf.» imeiis§10« .AS:D s? 
fag« 
?I1» MTlRAfME 07 
lifSQMeTIOl 
l a v i o n s  e a  m i s c l ®  s t i A  j m s %  g l f o o l ^ r s l s  h f  
JMmmsip ImMes, and li&¥« lapg«lj dlaef®5it#d 
fell® lattrmMl&rf rolt pi«®¥iottSlj .asstgn#«l t© Bi«tl3flglyoa»l, 
s0li«afs for thm 451 aslailmt ion of glmeos® Mfe b«@a 
propo»c€ mslng trloispMsiiMt# |>li0»piioglye@pie &cld as , 
lnfc®m«diat®s, i&m &r® fea®k$d hj t-Et#aslf« 
®3£13#ri»0tttal tvidtnee aafi .tiav® hmti wi4®lf a©Cfpt®d, 
As ls&et«rlal glueQlfSlii Is in aaaf r©»p«ets to that 
of j#ast and amsel®, it is pessifel© tlae a®w finding® ®i*® 
applicable to mieroorgmnlsas in g-naeral, tfee folliwlag ia-resti* 
gat ions »«r© taad®pt8k®s to dstemia® whether of aot ph©sptioglf» 
cwie aelcl oceurs in baetsylal f®i»ffl@Jitatl©a» 
II* aiSfOlICAI. IBflW 
1, 
The feisfeo-ripal r^wlm of the role of phospboglfc®rle &6i€ 
in c®lXnlmr ©©tsbollw is eone®x»ii®d prlsarily wlfcfe alcoholl© . 
feweafcatioa and leetlo atld foj?aatl.on in smsel®# fh® pr%» 
sentfttlon of.tbls pli^spbat#• ia e of sagmT fersak'* 
&jQwn Is m w&mnt 'tt&% tb® llttratur® mt pi»®s®Rt eostaiai 
v®i»f little OS tills stxbjtet tli&t applies t© tjscterial dlsaialla* 
tioa* sad praetle&llf all of tli® mm d»v®l©^8iitts lim¥® b®®ii 
OB. mowk with f#m«t ami rnm&Mm fheretQm t© p^m^rm mitf is 
ttilg til© hi&torj ©f gltte©lf»la prevlewii to tli« asfcd@ii-
M.sjmh&t aeihea© will also €mX' prlnQlpmHj witfe jm»% asad 
EiQ®cl®, wltfc ©eossiosal to m similar finding with 
fcaetefltt# tli© varloms toacteflal f@m«nlstieii B&h&mmm 1mm 
generally f0ll@w#4 woA on Almhollc f®im#iitatlofi, th® falstdipf 
of tfe© lnelmd#s tli® 0mtatfia€iiig d®ir«l©p««Bt» la glumm® 
"brsaMowa* 
B* A Brief History of Fefasntatioa Prior to i93S 
3>-« mhmm a-rnA »atliylg.iTO»i* 
fti® ©f rmmv&'k on tba •pmhlnm of tb® MQlmglml 
brtaMown ©f glue©®# is an r®m'P& ot tli# @¥€>r iiier«a@» 
liig m&h%v'of &hmd.ml reaefcleas it it possible to Inelttd®-
wnttr the dissimiimtie® of om si»ple stagart, lor® fehaij a 
©©atwff &g©, iay-piiiiiisa® i 18101 •f&unS tliat mltliougfe tti« prdsta®# 
of m sffiftll &mmn% air se«ai®4 tk&mm&rj tar 1>f • 
f&mt, t&s Tmmtl&n mm nmmntlmllj & brtaMowa of smgar to 
and eajpi^on iloxld©, aay»Iiw®sft« lm%m sfct®apt®d 
to^ foi»«2lat# %bis Glisiig©, and ©mp prssttnt q£ aleoMll® 
f#m0iitmtiQB is ffmmmllf er#dlted to bia.lef# .lilftsoa# 1930)# 
'C«%i0©« > ^ ^ i.CQi 
It gra€taallf b®^sa« ©iridemt tfcat fl-aeoa® amst TOd«*»go 80«« 
iiit®r3»diat® ter»aM®wii I>®f03?® tfe© final profeets ©f 
ti©n w«r« r#s.efa#d# Pattfew C18S8) r#poi't#d a ooaataat although 
sn&ll mmnt ©f glf©#i»el f0r»«# tn •i,le#bolle f0i*a#iitati©a*» 
proof thmt tfedre w®i»© so®© e©apl®3t lii,t«m#dist@ f»0&©tioa« 
pogslfelt* was little wopfe piabllsliM ob this mh^mt 
until tbe bsglnnisg of tfe© tw#fitl©tfc mutuTfit Bu^kmrnv in ISi? 
stisftilat®4 r®«eareli on aleolioli© f#i»®@iitafc3.oa hf abowlag fcliat 
it w»® |>©ssl^l# to prepar© » ©®ll-fr®@ «xtipset fro® that 
©atttdd feraatloa ©f emrtoon dlsxid© aaci aleoliol fr^m 
glia©®s#, .laM«n and Tomag la lt0S f©t»i4 tliat & sdlufel® plio®»' 
phat® a4d@d to a tmwmen^img aixtmrs gltie©8« aa<l Ijrovtght 
alxsut a sttdfidn iner#fts# la tb® m%® of f©ra®mtati©a m J»dg«€ 
bf oyoliitio-ii of mrhon dioxide» 'ffets l«d tli« to isolat® a 
phQBphjovjlmtm^ mter ©f ClSOil whleb has slao® fe«#R 
r«60giii8#4 ms l*®*f««t0S«41pbo«pbOFi® a«ld« 
fo «icpl«iu the B.ppmr&n&» of thm nm mtw fcli«@0 »»«• 
mmthma la 1908 propossA tM» »4ifi«atlon of Sfty»l«»sa©*# 
@<imtl©at 
^ CD i • S l«aF§|,'—> CA©0^iF%i#),, f 
i iii§ • i 0i8ie-©i «• g C0« 
, |S| C«%©©^CP0*1«)# * i H«6 —^ C*l3.«0,| 4 g ,•• 
I'll#®# r#fi.ell©a»# sltfeotigfe tli®f expl&lm.tli® lappamratt#® iaa<S amis* 
sequent Ai»«gp#jir»a«« ©f, th® hmmm® m%mT» git® - littl# 
solution ef hm mrhQu dloxid# aisd ©tfefl &|.#,c»tol at»is®. fehas 
€®#® afty^Imsm«*i'aitmafcioa# 
fipos tb« iiafctijp® of fch.# ©M preiMete of aleob0lle 
tion, it ia Idgieal t© mmmm^ %hMt glumn^ aay flrat spilt t@ 
tw® 3»»«i''boii eofflpomds ®r ©acii of t;h«s© t»lmm w©ttl€ 
tMa go to etbfl al©#li©3. eM'toem dloxid®« Sotil sitd 
lln il9Ql} mgs&ste4. tlaat »#ttijlglfo«l sight to# tli® liit®F« 
a@diat# in f#»ea%a%ioii, aad tn lt©4 l«f iaolated tlils eoispoiiitd 
from alfeitliaa fefirolysit ©f gl«t©o»«» fro® a dtiaale#.! f®lfit of 
?l«w »i!tfeylglf®»l, ClgCOCHO, in mi es©#ll«iit iiit0F»®<liafT* 
Oa bydpatloa,, its ©©mposltion, ta fcfed ia®# 
as th&t of gliice»©0 ®.aa it is mnmtwmhls th&t two aueb a»l»* 
©111#* ffiftj I'ftstilt fF©® th# splitting of ©m® stigar 
i«tlijlglf®»l e©»taia# a iwtlijl gr«p* aewasary %® fow 
0oapom€» ss tfeyl sleohol md laetit aei#,, «id a. aad 
mQm 
aldebyd® grotap, fcwo r#RetlT« liukag®#, fbw# it e«ii hm «xpe©t@d 
to mdftygO' a la^g® mafe&r ®f f«aetl®a»« l®f pr<*ptlf «tmt^©€ 
that mmthftgljoml mm a llkalf iatsmediafc# la tli® bi®logi«*i, 
dlasiisilRtioii of m§&r» Mn&m.mT mA M.#i8asii®ia}®5p i» liOS pi»©» 
posea it as tta ia tb#tr 
oalj to &T€tp It la ltdi feseams# th.&f fomd tliat th^tr. jem% 
pT^p&r%tiom» wQ-ttia a^t tfe« etopomad» 
H®wOT®y, a@tfe3rlglfox&l d,li net pass so easily fr©s 
feM«»feiLtioa pl€tmp®» It wms Jmat; m mmmm&rj t© feav# am 
iafc^yisedimrj foip lactle aeld. foMation,' im ««©!.« as It was 
for jrs&ati ftweatatioii# I'liea in 1913 tmkln iisi€ IM&lej fcwiai 
am ©a^fm® ta, imml& eapablf ©f eonwrtlag .B#tli|*igIyoxal t© 
l&ctit a©M, 119131 p.|»#par#<l •xtr®.et» trms b'ofcfe ms®l® 
and yeast eapafele ©f sffdetlag tbe ssa# eonv«i»«ioa» Ilii® w®» 
good ©vli^ae# .tto-st »«tliflga.f0xal ®l^t sib l®ast h& mm inter* 
m^dlarj la .la th# meaatiffi© ioa'owg asA E&yesag (19111 
hat showa that y#ast eftmss® pfriifl® aeli to •fef#&k dowa a§«ori.» 
img fc© til® it^mtlon 
ciiggQcofti mi^mQ 
Vaploms workers, iaolndiag Mmhrnrg, hmA »timpmt0S> tiaat R©«tal» 
d^hfde was ®.ii iiifcei««sllat#, s® tiii» rmmtiw Is rm§.ilj 
redttsed to ^thfl mlQohol or oxidisM to ae«feic a©l€« fM@ also' 
wottld «xplala whj traees of a@etie aoid ar» 80ia®tia®@ 
in. f©3pffl®ntatloa# If l&ctlc acid la mldisM to pfra¥ie mi&p 
and pjpmie a©ld split to »a<i eftrboa dlQxiA#, th«r® 
is a logical of r«aetloii® tof wlileii Isetio aetd or 
®thyl aleofeol sad ewbot* Aloxld# mn mtm tfom ii»tlifIglyoxal• 
flits in 1012 E©8feft«®b®w Isolated fwm. al@©li0lle 
hy eemsliag its poly««ri^afcio» im tb® p»»e8#ii®» ©f 
Kiii© eWLorM#, • tber® *»,» gmd th&t pfjrevie aeit siglit 
13@ an imtmrmM&Tf* fib# pr@flo«aly smn%iQmm& of 
B#tliylglf0»l&s® p®f®d tti# w«f fm Mmhmvg^M B^mm of ©leoboli# 
f«i»si®atatiom, la 1014 l«mberg %93fb fr®8#iifc«d tii® folldwin^ 
plsjtt ior jm:&% dis»laila%ioa .of gltt«©®#i 
i» Cafii«o-« —^ t m^mmQ • t »«.§ 
«@t:fcflg,ly©a»l 
g* , g ®»eoci:G •*- i Es8© —.-ci»oi0Hoaca»oi ei»coc0,|i 
a»tliflglyo»l glfe®rol pyruvi© aeia 
s., ciaSoeo«H f eSaCi© # 00^ 
p|«L^l® a«sl<a seataltsliyd® 
4* m.»mQm ^ CM^qmq * i!«9 —- €i!»ci«,oi -#• eineoeog^i 
metliylgijomftl aleohal pfwti© a®it 
this aeli«0 satlafaetofilf ®ii>li.iiis bow tli® esd pr©te«!ts, &thfl 
ftleoliel aad mrhm dlaxi###. arls®, it&etioa 2 al#© ®ati>l&ija® 
ttie foraatlon ©f glje#i»oi nofeie#€ hj It is nottwortlij 
tliat aft®!* 3©Mf pyrttiri« s«l€ is one# forawd, r®aetiona 3 and 4 
maj ©arff oa tjh,$ eafclr® brft&Mowi &i astlijlglfoxal with©wt Mif 
fttftliap fijrffiatlon of gly©®rel« I«ai»ly sfcep la this 
hms line® to®«B sliown t€s tak# plse0««^«offi« in rarioii# 
Meterlal f«w#atation», Sr«f C1S13) r^pertiid th® mmrrmm 
#f and Im lil4 pr®p©s®d Mtbflgljoal a® &n 
in fch® dlssimilati&a ©f gM«©0» by ggtheriefaift- goll* 
la 1918 Ssubtrg amd ieiafttffcli €sri»l«<i mt «le©ti.@lle 
tlon la thm •prmmm of obtaitttug th® ®a«ls«M®Jsyd®» 
*10** 
bistilflt® eomponnA #%tiivaleafc fc© abottt S7 :p©i»e#at of th« 
original gliiso»«» A j#«r lattf ieuberg and lord ©mpiofsi, tli« 
tajs© aralflt® mstliea to fix ia fasweatatioas of 
B» ooli aM ©tli#r beet«ris# Pyrmvle aeld eomld not b« fixed 
in til# prmmnm of sulfite, du,# to tkt ability of jmst to 
attaek pfrnfie-blsnlfit® l0w#¥®F in 19fl t» 
did obfc&la pfsmwlc &eM from &lmhGli& f^iwentatioa# and further 
0vM&m9 for this e©ap©tti»l as m iutepmdi&rj was pyo¥id#d wh#a 
Mndhmrg (1BM2} §imw&d tbst It was broken dmn mr® rapidly. 
tban glneme hj (3ri®€ f«ast, Ffyufie meld wm& also isolstsA 
froa bseteriftl f&rmantmtiom hj Mbml Clt24lt maing S« geli. 
Wtrtmnm wopklag with th® fipop'ioiiie acid fet,©t«fl» pf»opoa«i 
isdtliflglfoxRl as fttt lateiraiediat# for this la 1025# 
fh# fla&l tvldane# fop l©«b«f*g*s ge!i.®«® was p»Tii«d hj Kostft-
sefeew aat Soldateakov C1SS?| wli#n m#feliylglfO>»l, was isolated mt 
tlie <Jis«»learl3a2on® fr«a aleohell© l#a"fe®rg cast 
doubt oa til® -raliditj ®f tliis workt o©iifisw«a tli® rs'sults 
by Isolatlag a@tliflglj©xal,using: 4»41nitir®ph@iifllifdF&ita#, 
.fro® of j®a#% a«t b#x©a«#ipli©sph.ata Cs«ttb®rg aad 
Sot)#! 1920^1, 1# wm febl# t« ©fetsiii a@«.rly 100 pmmnt eo«» 
ir©i«sl©» of tli« bexot® idtibwg and, Sobtl iW29^) also 
l»olat©d ®®tliflglj@ml from %b# fwueatafcloa of Lae»ol?&clll-as 
d^HsrSclcil hj tli© »«»«• A% tliis tia@ mmnj 0Gli@a®s of 
bacterial fdi^jasatstioii war# bas«d on. a@fcbylglyOE6l or 1%® 
hydrst# C«.f# St©pli®iism, 1930)» For a por# e<wpl®t« r&Ylm of 
Mettfeerg*® work tlis r«aa«r Is r®f®i»r«d to Samlsepg aM Kob®!^. 
-u»' 
la 1930 otttlla© of alfoh#!!^ fementmtioa 
was geii#«llf aettptei. &ml ustliylglfes&l lieXd tront rank as m 
Istewedist# of glTii©9lfals, 
Zm fh,m.tiki0Twl&%ii^n. la tit# A1..8#i^l.atio.it of. gltteesg.^ 
©ariag tli« tla$ tfa&fe l«iito®rg asd Qthm w&wk%Ts w«»r« 
att«ptlii€ Mhm tMfc waa tlie k®j inttmwifary 
in fciologleml ®f gltieoi®# tlitF# m® als© »ete 
mMe&m tMt .tb@ sugar aoleetil® dM »t split dipoetlf la.to 
two trios# a0i#iiml®s« lt95 wli«» M&tMu aa€ lomg nlmwrnA 
that addition ©f oa?tfeopli©«pMt« a$e#l#f&t©d , It 
has b««a. appmi*aat pii®®plio?fl&tloii Is ispoftast In tfe© 
aissialMtioa of .glmo©i@ CHafdeiii, 10Sg)« la ol* Mi 
®xp&rlmmntB wifcb, ari«d fmrntg tmmm££ Cl90f| fomnd eoiisld®i»&fel® 
of ©steirlfi®# plioapli&t# and is©lat#d ». pimmplmt® 
®8t#r wblch ii0 b«ll®fed was a tyS.08#pli0sphat®» i#b@4inr in 
lill f®irai«n.t#d witii f®«#t Jiale.#, lot ©uly 
did this trios® fmrmmmt as readily m smerose# Imt it® 
ties was hf a pli.o«pii&t® mpt&l;®# fMs ltd feim to 
prepos# 6 In wlaieli dtbfdroatfa'estoa© B»d tMm itm-» 
lated trl&m, gljmr&Mmtjdim w#r® pylaary liit«ripii#iat@s 
dm and. G-ylaisiioff, 1912),. 
1# »• eHaOIf0HOieiO • 0Hj»O.lCOCH#Ol 
§lvtmm glyeeralieliyA® 4ife5'to'03i?;fa®«t0a# 
£• ei®oiM§ici0 ^ 0i,co0o»i • i t 
glfc«i*aM@hfd® pyrtt¥ic a©i€ 
3, CH»C0G0«1 CH^CIO * m» 
4, eiaCHO •I' 8 1 '• 0l%Cli(CJl 
S. g GB:|s0He0Cl»01 # g ESPOit—^ 2 e®a«O||lP0^ • 2 IsiO 
i» t ^6*13.©% 
trlossphospliRt# li«»@»#dlpli©iipfeat« 
• 2 lj|-§ • 2 IIPO4 
li®3£#i®siijlios|iliat« gimeoi® 
fo iiit«rpy®t tbls' amrim ©f r#«.etloa# it Is »«11 to rmmmhm 
timt. it app®»#a, i®mb#i»g aiii. la.f©-i&f fltll) 
•a,# WmU&mm &t pjr&ri.e ael# {Ii«lj®4«¥ imn laeoiPp©rat#& fcbi» ia 
Isit befer# tb# ©f a«t:bylgl©»3.M« l»j 
Dakia aad ia 1913, Fx>ms. fell® point of* ft#w of tin® 
stismetwap#. of tfe.® glmeos# is^iseial.## "# «pllt 1® m&T@ 
likely tb&n timt t© bfilrat^d i»tliylglfo»l, hj whiiM two 
^tmprn &m awteaatleally f©»®i teydpoi^ttlayl gweps,# ^ 
Hoir#v®T this sas© ©bJeetlQii eaa to® bpottght sfaiast r#®6tlo» B, 
in wMofe. gly©©r&M®lifi« la oxiii«@€ to ppreirie i.$ld» toothar 
weakness &£ rtaetion 8 is tli# ls<^k of a Uj&'ogm aeesptor# 
@lyo»fol ia tfeis plmn a&f wis® from rtdiattion ©f 
glje©pal<i«liy(i»» Lik® lar4#fi*s #tm«ition.s («## 
afeo¥«), l»®b®4®ir»s se&#»» show& pfeiosphor^lafcian fcakiag plee« 
iflttiO'at ©.af emplaimfcl©!! of ita e©aR«®tt©ii with tfc® aetual breafe:»-
towa ®f migsr* la fast fell® ©uly of f#&etions 5# 6, 
and T mi»« to get iPid ef tfe® dilif'fe®3cyae©toa@ with strnQW^mujli^ 
jlatioB, t© m&mm&t tm %&» li®icQ#«^ipli#aplittt@ fo-ttnd fej 
a«td Icmag, sad to ©xpiain tfes tplosep&asptamt® r#p@rt©€ 
isj I*«aoff| tli#f &x> not aff#et tb® a®tml di»stmli»ti#ii of 
glue^s®# fla# ehief eontrlbmti^n of 1® tli« m«t 
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edll» (ef, Ias?d«!ii and ¥otiag»s B@&ond fmwvkBnt&tim ©quatlonK 
Ifc 1® als® motirw^rtiiy tMfc h#»s®w>»opli0apliat®is ajr®. fmtM 
eMsfli- ia glucQs# hTmk&Qwn hf Itwlng yeast os?' ««#!«, 
til© li®x©s@Aipfeo»pliStt is til® elilsf «s.t©j? fomd la iSrled yeast 
Of @x:traot» llmrde®, 1935)» Otfe®!* id@a« 
©oaeerniag fcfe® fmetlon of will b® pi*®s#nt®d la 
til® e©-ttfs® of fell,# M&mmloMtt Ummevt th© constaafc oeewrrtm©® 
of th^am v&rims li»»s« «st«rs la Mologleal aissimiliitioa of 
smgsp i» ftaotbef llisk ia tfe© etmin ®vi<l®a©t t&afc 
latlon plftf.® &a l^ortaat pftrt» 
tootk#r prolific w®ck®F In th# fl®W of fsratstatloa aM 
pliosp-hoi?|'l«tioii is Haas ron Sal®i»* la ItM ail ay aafl lyi»fetete 
slioweA tMt e©s|*s@j, a eoeaisfa# nmQmmTj tor jm9t femsmtrntioa, 
partleipatM la th® ©sterlfleatioB of la a mrtm of 
papitr® two jmm 1&%9T (s©® rmtmw hj Mlmr, 19341 was 
shomm to fe® e©*ipl.«i, witli ©aE;Matioa*r#d»et}l0n ija 
Isr® wa« mrm mi^Lrnnm tliat phoaphmrjlmtlm pl&jm mm lat«.gF®l 
part la stigsr bi»®»kd0iiii» 
f lmm of glmeo»® br®sMo«it ^©g&ii t© lueorpormt# tli© ii@w 
phoBph&tm .m%&iPSg Klmyvm^ and eowoiptors dev#l©p®d a s^®»© la 
wtiieto. glfmr&l&9hjA9 piioapli&te was f©me€ Clltayvor mrwl Striifk# 
19gsji 
I* f0^g,.H ^ • 1»0 
gltteos® h&soammmphQSpti&tm 
litxoseuoQophoiphat® glyesr&ldefcyd# glfeeraldefeyd^pbos-
pfe&t# 
-IS* 
fb.0s® worktr® suppom that phospkoipjlafclon tli® ptarpos# 
of mttielmtlf  w®ak@aifig th# glme&s® m^lmulm to tn&um 
tii^ td tFi©#$i tiiea tla© plieapli©rylat®i glfe®rsld«litfd® split® 
off its aM tM tTi&m iad®i»g©#s liits»s«il«oulai» 
oxidsreduetioa te m©tbflglfomlliyilrat®« ffe« Qm-uTrmum of 
b®TOs©aiptie«plmt#' is hj mm^mnaB.tlon of tw© 
etil## of g3.fe©»M»bfi«|iliospliat;« |ef# ietetdst*® lefe#®®)# 
Kkujfw and. Ills a»soei«t@s tevt d©¥«l^p«# »6li«ii®s ef dlstiailii* 
tion fea®«d ©n titsa® rtaetiens for titrioiia l>aift»i?tal 
tiaa» (Elmfw-mrt 19S5|.» 
k mmm .ifipyoaofa • to tli# q»®sti0» @f photpborjlatiois w&® • 
fduiidl ia the um of sediim fimorifie, Pf#vioa®lf |li2S| 
had ftsmad tbat "Kfe# adfiition of ttiis ©©ap$ttii€ la saall eoaeeia-
tfmtioiii t© Miiel® axtraet l»a a pipoaeme®^ iaMfeiterj eff©-efc 
on tli$ pipMil#tioa ©f laett^ aeldl, Wts^th&r work aad 
Iislmwts, 19i4| ab©w®€ th&t thim was fc© & i,#- • 
ereaa® of tli0 iaorgaal© pli©spfe«t® ia ©ther mordn, 
phmphmjlmtiou wms laor©as©d ia tfe.# pwmamm #f fluorifi# Caad 
omiatii)# A TOi"i»®ipoacllag imTm^m in fe@xo»«#ipto©®pliat® w&a 
iiot#A» (!,&£§I, wil® was als© wopkiag witla Msel® 
#3ctra0t, tliat thin aeetimlatioa of fe#»®«dipli©»pfcat® 
©a tto.« laliilsitioia by ®©<li«a fl«©i*i)t® of Isfiljpolyaia 
of til® int®iwMlst» fbeaptioric aeid «sfc®y» foi?ii®<i by glue©®# 
hrmsMMmn* Sil»»oa Clt3©) th# mftmet ©f Mo&lvm fliioi** 
id# ©n da?l«d f@s®t aad foua# Ftsulta aaslogomt to li«M@R*s 
work on sBas«l«s thai*© aa in fetxos#dlpiiospliat:« 
»1$m 
a» inhibitloa of tb® earboa iioacld® @vol¥©d» S«all«liig 
that aodtea HvlqtM® was a pewerfttl t©©l for th® studf of pbos* 
•iilston eondti«jt@d ertanti^® toring 
whieh lia isol&tad s®v«ral pboiphoiirlfttii^ h«Oi«s# H« f©tm<l 
that tolu«a® also iiior«aa®4 phQspherflatl©is*«»©f «»p#elal' intar* 
08% ai wmj ifi¥»8tlgatoi»s war# uiiag tolwaa® to pra^raEt growth 
in axpariiiants with «o«i*atioii Jtiie®, ate# B® olj«®r^«d that if 
ac©taM@hyd« is addad to a faamantatiott it disapp®8fs ®es»« 
rapidlf in the ptmmm of fltiorid® thaa without it# and h® 
was abl® to ®ighty to ninety pm&mnt ©f tJa® added aid®-
hfd® a» ©tbyl .alsoMlf If ii« »a4a4 glaooa# and li®xos®diplioa* 
l>Mt® t© yaast tMt #i«l not possass a rassr^a atipplj of car* 
bolifdrat® SalbstgSrmng'**) tte® attack on aeetaldabfd® was 
awoti bast®n®a* Biat ptrMp® aost important ©f lilssoiri»s work 
CJ9g9) ott tliia pi»obl«» was th® laolatioiai in th® prtseae® of 
fliiorid® ansi t©l\i@n®ir of an ®®t®r that li® to«li®wd wts th® 
asoaophosptoat® of gljctri® aeid (phosplioglfooi^ic a@id)» fbii 
©oapoimd toad not appaairasl as an iiit«r»®dliat« la &nj of th® 
kaowi f@»®atati©a r«acstiois»« UHfoi»twnat®ly iilason was not 
<i®finit® about th® ideatiti- of th# n«w «®t©i» »or did h® iiit»p» 
pr®t feis otb®i» findiaga to te@st advantag®. Lat®r h® did foi*» 
laulat® soa® ot his id®a®.# aad in 1933 ptablisbsd a ®eh©m® of 
gl«ooly#is» 
!• li®x©i® lsexo@®-»®nol»f©m 6*gl«®os«Bonoph®»pliat« 
6«h@aEOs®iaonopl3&aplmt®- CaJKsl)—»• ossido^rcdtiotiv® 
41^ d®©0»p08iti01l 
.6»fractos«ffionopfeoapliat® 
2t h«s®««a©aoplio.®plifttei > ]ptio#pfeoglye«ra.li®l5y4# 
mMetiom 
't' trim® 
-On mMMtim of lilssoa tlasfc tti© gly©®i»8M®» 
hfS#pfco#flist® i« to pliosplieglft®rle s©id, whieti fe# 
fe&d ^11® Elufwr li« pf&p0sm thmfc tijt ti'los#pli©»<» 
pbat# ii«j s©a4«s»« to fo» li#iw»«Aipli.0spliat@| #tli«nri»® it is 
fb# ti?l©»© fc# i©#s a©% twj^ to feat say® 
it mj hm »«tliylglfomBiftrat# mi tbat tfee glye#fmlifS«» 
byd« r®#mltiiig fTOM hfdrotljsis 1§ pmb&blf als© to 
tMs .6Oiip,0«aa-« '»H»aoii*« i® qtiit® sJjillas» to Elufirt-sp*®,. 
Imt it fioss h&w pMmpimsXjmwin- meM mf ©ris# mmA in^ 
©0t»p©i»»t@-i' til# %«x©»«©iiop.li0afliat® work&d out bw 
M0Msm,0 heitmrnif «fc«»  
ItOlamiiE «p©rt#t t&At the lBy4®is*f©tang in. 
wisel# «i£traet iiier«aa«4 in the pr®s®iie©. of fluorid® '©nlf If 
large of siig» Coi* glfeog«a| aad la©Fgaaie ptoapfcate 
w«r« la Sllut# sq«#o«® extract# with 
m t!i« ti®»««t£pli®8pliat«, was trs.a«f©i»m®# t© & 
f e j a y o l f •  B i 0 l ( & g l © « . l  f e # » s # s i © i i d p l i . 0 3 i *  
f&Et©® *®r« ftlse t© tfei® a®* @stw fim tim-
Toting dip'hosptot's. fb® ftxperiaafifea w#3f« r«p«at«# Im 
with. 8lail@i» results# 
Dwrliig; fclil® period l@f«rlioft Iteteanii, a»d otiier 
wmtmB »®r@ b®eo«lng eonvin^ed that etrtata pbosplier'ylst®^ 
©oatpomts w#i*@ tli© %rm9 of glueoa® fer#aM©wu m& 
aot m» Mmnhmg A a&rimm otoJeefcloE to 
"*16 
w&s Its diffiTOlty of f#F»«mtatiO!i, aa 
and. l®isento<tS.m«r I»d ©bs®rv©d In 1§06* Sirld#i3te« against It 
iser®ai»t mhm ILohsaiin {IMt) sfeowed tliat th% emnzfme of 
a@tfeylsly©XRla»t (glutatM©a«| is mot idemtleal to tii# mmujm 
of laetie a©M fematloa# fti© following j&mr M^am (1932j 
straefe: still m^tb^r blow &t fcti© pmstl$» of ^mn. 
fe« tb® gMtatfelua® tmm «i®el® 
eamsifm^ (wi^leb not eoataia glmtatliloa®) asd gisowtd that 
was still traa»f©»®<i to lactl© acid, I« th® Bwm 
©xtraeti «tlflglf03»l was sot eoiav®rt#a to 
laotle aeld, stiswisg that l;h«r® waa itet enongii glut&tliioii# 
pi«©8.«at to mQt as tb® ©otsffme f©p 
fli® work of IrfOlimiiii sad fcli® la&miitliiij mMmnm tb&t ptioi* 
pliorjlatlsa plsfi m tmpQwtmt rol© la gl«eoi®. feF««Mowii siiowed 
plalulj that f«rB#statlos sehwiet w#r® lae©mpl®t® at 
l@&at, fli# tnmlwing pbospiiOFylatloa sTA©h as tfaat of 
£l«yv«r osP' liltsofj did s©t #xplsim mmnf of tk# iaidwii faets smeii. 
a» th® mmrmnm of th® diffimiltlf til-^olysafel® «®t©i» of 
liOlmmmi ©r thm eo»*©i»si©». ©f glyeog«n to l&ctl® a©id wltliottt 
thm p®rtl®lp&tio» of aatbylglyoxal m metisirlglyommlas®* A 
plm, of fiistlmllatioB was ii®#ti©A t&afe wc»l€ ©xpl&ln »r# ©f 
til© ofes®pv®d phmtmmm of glmeos# 
•10. 
laFlf Iwt 1953 a shoFt liits ©»«®41ugly laportant pmpm w&» 
pmtoliifetd hj fcMsm# I}«iitl©k® asd repOFting tti# Isola­
tion ot ptoo#plioglfo»ld aeld trom h«i;©s#dlpliospMt« and amttl® 
©xtraet in tfe# ©f aoditia flmorlde# At thM was# timm 
it waa MmoTmw&A ttmt pliosplaciglfcdrie aeld is eonwrted to 
pfTH'Tl© aeld ,lif mlacei »us©i® wli.«a 110 fluoride is present Cs®# 
p@aetion 4 "e#l©w) * #o»s«qu®iitlj lifpotte,@sis®fi that for 
tli@ ©xidiwS p»^et, ptiotplioglyeerte mii.^ tiaer# sljould he t 
r©&ie@d pTOfiiaet, glfeeFopli©»plio.f>ie acid* Altli.©ttgh 
fe@ did m% mmmd la isoli.tlfig this 6©ap©m*A h& laelmd®# It ia 
a a®w M&hm& for. gl«e#lyti0 formtlen of Imtie «t®ii ia misel®# 
1L» oif - >• 
• H^PO^ h@»»edipliojipiiat# 
Mm • C«la#04 i PO^H®) tt —^ Gfi» C PO^l®) CO0E,ai + Gil* (PO4I1,,) CIOHCHO 
hexosediphosphat# diliyiro:^«@#tea«.pli©ai>hat#-
phmpimtm 
5. CS« c PO*H-« I e0€l.t01 ci» c } eHOfCIO -> CIn C ?Q#H») cioiigioi * 
4ttif<lro^f&©#'fcom®* , glyeeropliosfhort© aei4 
ClftC?QAlCaOIiCO»l 
p1i©»ptoogij-#«rie aei# 
4, §%(PO,«fig|eHOESO«l eig,e.O0OtH * RaPO* 
pli©splioglye#i'ic &®1€ pjrawlm aeid 
eiliiCfO^IjllGlOlCIiOI • CtiaCOCOal—" ClisCfQ^lislClOHClO • 
glfceropfa^stliorle aelS pyrwvie seia ti»lo»«pfe©spiifiit« 
ei«01OH€O||l 
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It was foiaai tl&at ia th® pi»«i«ne® of Bodivm fluorid® th® 
^ow& of pMofidaoglf-eerte «teld ia ialalfcltad, not -thQ fowa* 
tion ©f l&@tle seldi, provM«<l 8o®$ pjrmvl® acl# ts preseat# 
fherefor© It wa® ©on^lmileil fcliat fcli® pfj»OTl0 &©M reaeta 
a-glfoarepliejiplidri© aeM t© f®m laetie asld—••titost&ntlmting 
jftaetien ,S ©f it was shmm tliafe 
glyetralcS^bf^f^S-fliespliorie aeM foras lai-fcio a®M m mmnllf 
m h®x©8©€lpte®pljat® «ad in th# of fto©Fl4@ eti&ag«s 
to pli€>spliQglf©#rle and m'gXjmrQp'b.m'ph&Tie aeldt, fliis 
alll- ©oafimtd F^metloR 
fhiis til®!*® was direct m%d%&m tm #irsi»f i»««.etic»ii pi'opo®®!! 
"bj lsiM®ii mt &1 riitb p©®ilbi« ©xaeptioa of 1, wbl«3i wm 
based m tke dlsamfcrntieii of ii@x©»#idlpliospliat® ia anstl# 8ii€ 
th® eoMtant oeewraae# of thin itt «ai,p«ria®ats wltli »«• 
ele txtr&dt aad m&mv&tlQn fMs aehmm- explains tli® 
o&mcpTmnm of tFlo««pliospliat®, ptiesplioglyowle aoid «ad Itoto.* 
sam's diffleultlf ©st©?, fh® lattiip had aow 
hmn sli©*o by K©y®i?liof. and Ktesalliig {1933*1 to I)® tli« atistor# 
of ,pliospli0glf®©:ris and gljmT^phmphGwtQ aeld® fcfeat »la@s im 
prmea&& of ffa® l©gi@®3.1y ©xplalas how laefcie 
asM m&f be femei wlthmt fcaMag part# 
l«f«Fliof aaA El@»sliag mmduat^d almllaf ©xjj@riai0iits oa 
j«ast Mmb^rg aad l®b®l bad sbowa (IWS*) 
that muM mnveipt pbmpb.0§lfmri& mold to pymiTte and 
^ospliorio fields* fh«s# workers il933^) alio laelatsd plios-
ptkogljmpic eeid from fresh jmat .In tlj® pi?#stae® of tol«®n.® 
and fluoFia®, Lolmaim' {1930«| had sIiqto that ydsst Jiaie# 
form@& a dlffismltlj feydj*©lj8ftfel® &atm fros li0iEos®dipMo»plnafc9 
similar %& that fOFseti tjf mttsol® «Etraet, Itferhof aM Kitsi* 
ling profiMt that tMs f@A»fc ©#t» w&s also e adxtiart 
of ©•glfeoFophoapiidrld and fbosptoglye^rie aelds# Xa ©xjperl*' 
mm.%» oa fefe« 6f ^feoaplieglfetiple a©M, ©te#, 
liof a'oi bis ii.sii&#iat«s »ad« ui# &t fch© talilljitliig aetioa of 
ioSoa@«ti# aei4-t It- hfti hmm I«ad.sgaarS (1930*'| 
that tills '©©apo^i^. in »a&ll c#a#«atrafci«3iiijs am la&ib* 
Itioii of l.actie sei€ fopsatioa m well m iijftiibillm #f »1@©»-
bolie f«raeotati©a witli C1Q30*I« IiOlMfti®. C1933)-stedlet 
i0t©a0#t;l« aelt poiWBiag sjad femt fcJa® «£f0Ot Mi©fe grtat©!* . 
In the f©»i.tl©ii ©f l&efcie seid froa glj«ogen htJiestiiplios-
phAt® ttoma from »0tliylglyo»l« In %h% mursm of the lav®stl» 
gatioa® of l®j@rfeof aiafi El#ssliag Cl93ii&«| It w&» fomad timt 
i©il@ae®ti@- dli. set iitihltoifc tla« hyai'olysla of pbospliogly* 
O8rl0 aeld# but did stop the mmtiom ©f pjFmvie am# s-glyew©* 
plioapborlc aetis* I®r® was anotli«p' tool for tti® la disseetimg 
tli© O0iBpll©6.t®d rs&etioM of' f@ra®ntatl0a, 
la 1934 6 s€fe«»e of aleohelle termmnt&tim app@itwd fej 
l@farli©f and Ktmmliiig, b&sad om tl» l€«ms of iaiM«a C©f« 
l^yerihof, l9S3}i 
A* glmeot® 2 a-gli-edropliosphat® 
bti:©®@dlpli0spjhat# —»• 4 triosepbosph&t®"* 2 phospb^glyeerie 
• 2 1»F0«, aolt 
B# £ pli0splioglje»rie aold-»-2 ppnivie acM—2 CHgOHG 4- 2 COj| 
+ 2 li^m^ * 2 1»?04 
- •gg-
G. glmesi* 
* i > 2 tri©»®piiospMt«—^-'S 'plaosphoglfeerie 
4 e Ci!a.CH0 . + 2 ei,gCiiO aeM 
• g ei«ci,ai 
In this plsii ©f gittsols'tl® ipea#ti©ii» A sm^ C w© liibll)lt©d hf 
l©<aoae«tl@ mel4.g aiwi rmetlon B is by sodim 
ll#aetloa k ©oa«t;ltmt#s th.# '**iaa.'ttetl©a stag®*' of ftwmtatloja 
aad coatlwats timtll siiffieisat phsiptioglycafl® eeid or aubse* 
qumt a®0t&ld«fcyd# (rsaetioa 1) Is fli«i tli# fc®ios@-
pli©spliat®# ms la reaction €* is by tli® 6c«taXd«byfi® • 
to laors plio-spliOglfe©fle aeld aad tli» **mnMtmoms slag#** of 
f®TO®iits.tloii 1® »aintai»®4 by C and B, U9f&rh0f mnmMwa 
hmxm»41phmphmtm nmmBB&Tj m s mt&ljBt for 0« fM 
do not ©xplaln how li#xos®4ipliosptiat© arlets to t&t® part %n A . 
or til® eat&lysis of C. Tals sefeait® sepplaata aetfeylglyois&l 
ia alcoholic aecoFdiiig to fcli© atatfeors, fh# 
&ppmTmm of Btfefeflglfomel in ®Mp%Timmt9 iMmh&T$ 
and lobtl usiisg Ymrj dliufc© yeast txtraets pooy in 
eoen^paa. Is afctrll>ttt#d to tli# ©onvei-^sloa of glyeeraldehyd®-
plio»pli«.fc0 t© fhis f#aetl0a tsk@» plae© slowly 
in aTOtp&l OF ell&lla® toltttl©a wltbotit tlie aetlom of 
a biological agent# 
Contiau«a rmmT&hm bj and other® added »oy® 
@irl<l®n0« to confirffi and modify tli® sefeeia# of Usi»g 
botli laascl# txtrsct aaci fmmt sae®ratloa Juie®, l«y©rh©f and -
hoim&im (1934^, 1934*) imvestigat®# tia.« spllfet|jjg 
dipho#pfeat®» Thay found fehat m&nzjmm trm ©xtracts# la wblcli 
tb#r® is llttl® ©y AepMosphorylatlop pmnthMp qmlQklj 
yi#ia®d a fcipios®pho0phQi*l© acid on ©f «a»ll aaomt# . 
of til# Har€«B*lottBg estdf. Analysis of tte# mm mmpowaA sh©w®d 
It to h% iilifili»ox|'&e©t0a@pls©fplamt®j| on® of tli® tri#®® «at#rs 
to SsM«n*s r^aetiea.g* If fiiliyiFo^a©©toaepii©®|sii«t0 waa aM@4 
to tij® . eeenis'fa© ff## ©xtpaeta. It wa.» possitol© to obtain 
osedlpli^tpliftt©.# fh®s» rsaults la ©©ujmfietioa with, ©ar®fttl 
stodles 'Of tfe® mmtlm. at t0mp®r«tiir«s ©ofiflmeM 
til® mtMQTM ttefct Ml ©mist# tlia tti© 00a-
ia j®sst or nmtel# Jwie#* fli® jmrnv fliSi®) SefHF--
bof fta'i Ei«s,alla£ slowed that gljmw&lMhf^«iphmpim.t§ In eo-
emjam trm extract® was mpMlj mm/mtmS. %© difefdroxf&eefcoa®* 
pliosplaat®, *tlcfe In tura to th« fopmation ©f s©a© hmx&m* 
dipliospbat®., It was eoneXmAsd tlisfc tli® apllttisg ef tb.® lerd^a* 
'tmmg ®st®r yields dihfdr©xf«©eteRirplio»plimt@|- this It th«ia eoa* 
v0Ftfd to glfe®i»®li.«tiifcl@pliospliafc®» 
fit® hydrolysis of pbospliogljeerie a©i€ lias also 1)«@b 
studied in, Mt&il and found, to coasist of smsrml 99p&r&%& 
resetioms* In 1934>. tolisiaaa amd laysFliof w«i?» sfel© to tsoist# 
phosphop^TttvIe acsicl as m intemediarj he%wem photplioi-lyc®!'!® 
mild pfim-rle &©ids, making us© of QxtTmts l&cking In eo®iisjio®» 
fbe reswltiaa bar to d«pbo®phoi»ylstloii ca»s#d aoeuaaalatioa of 
tha mw pho®pJiste esfcei? to fch© point wh«x»« it was fesaibl© t© 
pr^oifitats It .as th.0 silver or bari«© s&lt, InT®sfclgation 
made it apparent that fluoride Ishlfeited the fomatlom of, phos» 
pJj.opfPtt¥i© aeld hut not Its hydrolysis# Anotfesr ®t«p la till® 
s#ri@# wa® liifci»iadu©«Ki wh®n l#y©i»hof #md I.l«i8«li»g •{10®S3») 
thm laolsitioa of » i»0»#r of tli« orlglaml S* 
pho»phoglfmri& aeid» fh© resetlon ehaln is r©,pr®s#iitdfi a.® 
followiS 
eisCPG^laleiOlCO^I! ^ CHa©lGHCPOA)^^»S ^ 
<&"«»pto©®pbogife®yie s©i4 2»pliospli©glye@yi© aeld 
ei«ieci»%Hg)€©»i 4- Ha© —»- * I^PQ^ 
ptkoeph&pfrm'^le mid pfrvi.vi& seld 
Pliospli@pfrmfie &eld is d@,piet®iS bj th# fonwla glvm rtov®| 
howevep oa tls# li&si® of fcbtlr ©nail's#®' thM aatliors b«li#v© th® 
followlttg eliesleal 8tra.etux»@ is ladieatsds 
X 
0Bui *# 0 • "Qv 
^OH 
Stuti®s oil .ttie ii#wlf isol«fc«d plioapJiopffniifie &eia 1@4 fco 
&& expl&aafcioa, of fcfe# qwieklj mrislng quaatitles of b.»3to»#dl* 
pliosphat# in til© part df Barden aM "loimg 
iWQB) iiad a@tle$4 tlnat for  mmf molQ of glusos® feF®#iit84, 
tw0 ffiol#s df fhosplaori® asld w«r® «st«rifi#d, &m<3. Isad «xpr«s«@t 
tbls ia th.«tf #«|ta«tlon I» How®f» ia tli® femmtsstlcin scb®®® 
of ieyerhof and Ilessliag CiiM, s®e $Am&} the ut&tlQmrf 
pha®® pletmr®® th® iissiail&tlea of glueoae fco and 
eaipban dioxid,# wlfcb no rfimalndtip# weftkneas of this 
sohtm© i0 tb.® feet tbat all tfe© i»®a©tioiia do uot hair© a, v«lo» 
elty tqiial fco or sweater tliaa tti&t of th» f®wi8#iitatlGa of 
glucoa®. fbls la parfcimilarlf tr«® for p-liospiioglyeerl© aeid,, 
for which th© f®rm®atsti€m velocity Is sbout oa@ tentsli that of 
glueos®* 
-26-
Wfeil© ©xp#rim®iitliig with, tfm f®m#iitati©a ot pkmphopjru^ 
vie mM, Umjmh&i and Kiasslliig CliSB®) report tbst in tii« 
|5i»#»#iie0 '©f giiaeos®* tb« phospliata froa. tb® iaitlal &ei(a»est»' 
hjitoolytis la not' set fp®# hut gms t& «st#?lfy th® m^mr to 
h,@x©8#4iptesi>iiat#» fli® i»©smltin£5 ptiotplaat© «s%#x* and pyrta^le 
mtd ay# t# ttiifl ale0li©3. a«<l e&F'boa low 
if soditia Utaori^® is added, and tli© ab®v® r«a®fcioo allowed 
t© t&k® plae®, li#x©sddlpii©spli6t«, ii®«>»(imo»upfe08pl«tSi, plio»» 
plioglfe«rt0 aeti# sleob©!, and 6si*b©a dioxM® ar# Tb® 
antliori eoGsidor tli® li®EOs®ffi©n©plicsspliat# s» arising by 
«i« fjfo® li®i»f#tifbosfhate, Tims if tlx® i«a, of the two liexo## 
©®t@F8 1® i*#gaM#d h»xos#dlpiiospiiate, by analysis ot 
liig pro&mtb tfee follonlag ©quat ion is^ fulfllledi 
2 gltieos® * 2 phospfadpyruvie aeid * 2 Ha,PO*—»> li«xos#di» 
phosphat® -f S ph©»phoglyeerie acsid g ©tlifl aleabo-1 
2 fstrnmn. dioxia#. 
On tfee ofelisr isand if iodo&eett© seii 1?? added instead of fteor* 
Id# this reaetioB Is found to fit the otsserired fast si 
glu©os« * g ph0»pliopfra.Tle faeid-»- iiiixos»dlplios-pbat# 4-
2 «e®t8.1d0fe.f€@ g eartooa dioxii,## 
Har® file pi*®»e»e« of iodoeeetie actd. bl©eks r#aetioa C la 
M«tj&Thof*m ©oh«B»< J, and tii«r« Is no dissimilation of 
glu©©8@ to trio»«plio»pliat®, nor r®(l«etloii of 6t®t* 
ald@l.y4# with ©oneux»r©afc forsatioii, &f pho&phogljmric aeid# 
layeFliof end Kiessllag ©xplaln tMs work in gi?@at;#r d«tall 
In a lat«r pmpei* Cl'93S*), o»cl at tb® »»« fct»@ 4«aerlb® m nm 
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1. baxosailpfcosphat# —^ 2 tpio®«phospfeat# 
g# 2 trlos^phospMt© • g OI%CHO->® phosphoglyeerie aeM • 
i e»,Cl»OH 
3» E :plio»|)b.oglfe«i»lc m.ci§.-*2 pli0»pli©pf»^ie. a®id—> 
t e%0eo -••f k»po^i * 2 eois, 
But wfeafe i» the situation la ftnaentation wltili, J.iv*lag 
ytast 'lifixossdlpli-oaplMit® has b#®fi ssMcbe foirndf Cef» 
M#ub®i»g, l@SS) M&jerhot b©li®viia tia&t tiia seli®ia« Is'slso' ap» 
plieaMa His l<l®a is. thet t&e aatertfieatloii of gliac©®® 
bj ptoosphopSTUfie Bei4 In tmctlon € a»«amlta fSxst la th# prl* 
amrf ^stcrlfiefttioii proiwet, Wltli y©ast fcb# redwetlon 
of aesitaMebjdt (as la D) tak«« plme so rapidlf fcii&t thm prl«-
mayy «sfc«pi.fleati#a prodttst foria®€ Im C is isffisdlafcelj split 
and oxiAig«d to pliosphoglyew'i© aoM by tli© $ld«tiyd« r©®ttltlag 
from tli@ saa« reaction* Thus TWBti&n 0 r«sulfcs in the dlreet 
fofsiifetlon ofaleoliol, earb®» il©xl4« ,plsospfeoglye@rio 
&©M witli no piling mp of li@»i0iipbospliAt## Mommmr ia tli® 
mm of saewatioii Jtile®, tlie retoctlsa of &m%ml^0hfd.e is 
slowsr and th© prlrrmry ©st^rlfleafclon produet has ttaie to 
st&billa® as tb« Hferd«n-YoHag ester as showa tn tfe® printed 
A&mvAing to r#&0tion, 4, it is ©vMent that with 
fresli j®ast or jaaetratiom Jtilee a tpse® of l:ifixos«dlplio.3piiat® 
&a w#ll as gliieos© aact inoygariic phosphate .is n&mBB&rj to te-
Itlats tli@ fomatloB of trios® #st«rs* fMs ®ey fed on® fe©t©i» 
eoneeriist ia tli« slow iultlaX growth or lag piiss® of y®ast and 
*»29» 
otfeaF aicro-opgaaiams, IceoMlng to S®y#Fhof*s plaia, it is 
nmms&»f for li®xo8#dt:phojsi)lmte to aecuamlat# to ©nabl® 
diBsliBllatioa to proe«M» 
I'll# nm aebeRi# f©i» &le©liolle femeatfitloii was shortly 
follawtd by a a#w- t3»»&ta«iit of laetl© field fona&tloa ia Hascl®, 
Fr#vlotisly l&.etic aeld iiad tn^ea eoiisiJepsd to b® hf thm 
i*«&etida ©f pymivl© sold wltli a-glycsdrepliQSplioi*!® aeld aeooi*d» 
lag to &M©ii*s »©haai«8 
pfTWi© sclfi 4- a»gly©®r0pii08pli0rle ael«l^ti»iosep'hospto.at# 
* laeti© acli, 
IIow®ir©.r til# ¥©loelfcy of this r«aetioii Is rmali l«®a tfasn that 
of tli® forffis.tl©B or Isotl© acid from glfeog^a or gliseost In 
Biuscl® extract# if.@yerfe.of aad Ilesaliag |li35®) bypotbssies & 
prlaarf profiuet that is s trios# not in 
iferltta with diliy<iFOJEja©«ton®pliospli.ats, aacl gii-© cii^ldenc® for 
til® following foaetloni 
tflo»®plio8:pli.at® CpriMPfl • pjfniiri© a€ld->'pbo«plaoglyc«Fie 
sold * lactie acid# 
This r®aetloii tfeef consider analogoias to remetlon D of their 
alcoholic f®?»#iitatlo» eelid®©, la whieb pyrnvl© aeld is r®» 
placed bf Halng t'^is «ad additional informatlom 
the foll0wiia.p: peaetions for Isctle field fsnsfefcioB 1» laiisel# 
ar« p€>8tmlafe®<5s 
1, 2 liaxoa® • 2 fiaPO# ^ 2 liex:0s#tiphos|>bat« 
2m 2.fe®x©»®(ftipfeo»fsiat« 5?=^ 4 dilifsr^^aottontpfeospliat® 
4 glf©@rftld@laifd«pliospiiat©-*2 phosphoglyeerio acid • 
•30» 
s ii»gljc®popi:osph«t® 
2 S^phosphogl^eerlc aeld^^ 2. 2*pfeo®pb.ogJ.yts®rlc acid 
8 phospfcopypttiric ftcld 
4, h©xo§@ 4- 2 pbospbop^mi'vle scid—» h®x©s®'fitpliospbafc« 
2 pyrmvlc acid 
5# h®xoa® 2 pyr'B^le acid + g » prlamry ®3tei»lfleatloii 
prodmiit •»• 2 pyrwle acid-»2 triosapliosplist® (pfl®,) 4-
2 pfiravle ftcid —• 2 pli,o8plioglye#rl© acid + 2 laefele «.oi4, 
Sft^' feaxostdlphosphat© + 2 pjrwlo aeid-»2 dihydroxyaeeton®* 
phcaphafc® 4 g pyro^'^lc^ aoid->2 pboapbo-gljc@rlc aold ••• 
2 leetl© mold 
ftnd litssling l3©ll®ir® that th®s® rtactloas i»«pr@» 
s«nt ths chief metbod of lactic add formation In imaolft* Hea©* 
tlons I'and 2 constlt-yit® the first stag® and teooMpllsh tb#' In­
itial forBiatlon of pbosphoglyeerie acM. Th® prodta-ctlon of 
lactic, acid. Is thm carried on by 3, 4 aM &, &M a»glyc®ro» 
phospborlc aeid-Ss no long®? n@maa&Tj as &n intarmsdiary. It 
Is posalbl© how@vmr tb&t some l.«etle acid nai' b® formed hf the 
r#actloo of this coapoimd ffltb pyruwla mid m shown hj 
-den. 
It shotald b@ noted that when no mor^ h©xos®(Jipboapbmt® 
is neeesaary for eafcalyals, 5a nmj b® subatlt'iitdd for 5, thus 
ostaalrig fch® H«rci#ii*yo«nf @st®r which, origlimt«s from 4 to h9 
disslffillRteci as rapidly bs It Is prod«e#d# 
Although the glwcolytl© scto,«®®s of &0j-Brhof and Ii@s8lln.g 
have l5@®n w!d®ly acc^ptad, It sfcowld h@ ®»pt!®sl2®d t,l3at tbej 
not nee@»®ai*ilf p&rtr&j tb© tm© pi#ttir® ot glueos® ^-reaMowai, 
111 the first ,pls0® tb® ^©setlons •bm'rs all 'mm wopk«a. ©nt in " 
e-tll-fir#® not «ltfe lifting e®Hs' or In tli® 
©as® of aleeholie f©riii#atatloa, di»4»<S ft&at Is ius#d to pr«pap# • 
til® »©emtl&n Jttie® sad df^iag, imy h&rm §o®© ©f th® ©agja®©,^ 
At b®st, It ©auaot b® gmrafifcted t&at ©xtracts will pw^&um 
thd saa# F®a©tioas at tb# li¥liig cells* S®eoMlj, tb® proof 
or e¥l«l@ne© for is&ny of tli.® reeetlons rests on exp^riaidats 
c©Rdti.ct®d la th» ppestnc# of poisons aiioh ea ^oatom 
and i0dos0®tle aeid, Th@a& aoap©m«fta »d d«slgaat«d as lablto-
iting spacifle r#a©tio«iS| liow®¥®T tte,®F« is no cmpt&i.ntj tbat 
othm i»#a0tt©B.s ia gliieolysli are not also mff'teted# 
Sine® Cl93g) that l&otle aeid ean to® 
ferEW'd wltliottt' tbc actioa of a«tte,3rlgly0»alase# M@y@i»h.of h«.s 
stated ©^iiatl.cii.lly that a©tb,jiglfo»l Is aot an intemediat® 
icf» l©f«pliof and i^i®8sliag|> 19S6*)* Wowmm » f®w workej?® 
fime proda©®# evidence that this @i»p©B:ail, say fcak# port in 
glueolysis. 
tolj®! «acl Si»ii (1.934) sliowM %imt If gl-otatlslon®, tfe® 
eoeaajm® of metliylglfo»la»®, Is mdtl«d to a »lxtBs»@' of miiel® 
®xt»et aae h®%m@6.iph:osphAt9, tli© l&etie asid proflnctloa Is 
» 
inor®as0d under amwobl© as w#ll as a®3P©bie con-dltions# itaha*-
gens (1934) find tfe® same r&mlts wltb clUiate y#«st |ulc«# imt 
in »lxtmp®a of aasel® txtraet ?#itfe gl:;-c«Fftl€#liyd#plio»pliat0, 
gltitmthlon© fio©s not iB-eftas# laetic acid fiie 
author# ooaeltadt tbftt Wmy@rhof*& seli«i# «&y to® eoweet fm 
-32^ 
.bat tfe&t Mtliflglyeml is protes'bly «» int^xwdlary la 
aleoliolle Mtltt®a ©f glutmtMoim to tla® f@w©a-» 
tittioB of •lieMyieliim eoli {eattmn®© •ttti WM) ala@ In* 
@f#a#®t 'tb® af imeti® aeid l#|r®ipfe@f h^llmm 
tliat im thts'^p^ ©f sti-«fe • @xtra©ts sr® 
mftd (©f# ti@xt »#eti©a) tlmt morml glueolfslt imf »ot t«fe® 
rs-smltlug la a eli«i®aX eoiif«i»sioB ©f tft©s®@ to. mstlifl* 
glf©xal luai s«fes®«|tt#atlf to laeti# ,ft©14# 
Im & l^t«f tefeel, aii€ $imm (1935). el&im t© slow th®. 
exlat«Be@ mf W© B#e&»ial»»s ©f laetie aoit fot«tti€sn 1» wasel^i • 
©a# iria, Battiflgly^xal, tto® otli®f plioipfeagl:f®i8i»le fhls 
e©aeluiio.^ Is mpSitli. "by QaMi# and Stewart CltSi} wli® fomi. that 
gl-at&'tMoB# Imer&mm laette ftoM foraAtloa fv#n la tl^® pres^ne# 
of jfflisisl® mmrfmt Wmm ©mtaiors f.iad ttoat glmt&tliiott# s««as to 
«tiffittl®t# til® pyoauefeiea #f »®tliflfljoxal., ^ofea»#a CltSi'l fomA 
that s©dliiffi glyeeropiiospb&t® do#® net Alsftpptar ts plg@on 
mwn. ia ths pi?»»»a©® of pfrafi^ aeM* F»rtfe®»©i»®, ffittbylglfox®! 
was l®ol«it#d, fli@ author »aeliiAti .tfe&t tfet M5d@a«l®ytpfa©f 
sek«m« d@®s aot for pig^oa "brsiii* Iowtv@r, it should to® 
n0t®d tlist ma Sl®i.iliag«» l«,t®st allows fcji* tli# 
pfo^feietiem of Imetie acta wltJimat gly®#y@pliospbat® taking part* 
Altboiagli tji« abov« r®s«areb®® txj no dtseredit 
th« mt't of IteMea, ley«rli©f and ©tli®fs# tfety a© iaaiesat® that 
®®tliylglyo3ial sliotild still b« eooi!l&@f#d« 1® pwftiemlftr* 
ly ao ia -vim of thm wM®spr©iwl m©tliylglyo»les« ana 
glatatkloae ia, li-vinfc, organism®* 
3m thm. gmnwwmmm o.f 
Sine# WQ%0 wii.@ii 6fld Ymn^ found that addition ©f . 
inorganic piio8i^.&t« i»er®®s®d tli# r&l?« of f®rffi»»t«.tionjr varlmii 
soli«ffi©« f©F sugar breakdown, to&fe J;aoliid©d pli0'sp1s©i?ylatad 
»adlst®a, Tb,® d©velo.pffi«iit of omr icaciwleig® of ptosphofflatioa 
haa ^9#a ,sk©t©h«4 prmiouslj la tfeie Tmwimwf and. the i»«e®at .worfe 
of asMsa# and other# giv99 pkoaptiatt ©st«rs m Isttdiug 
rol® iii gliieolysljs» Mowm&r, tliea# reactioas shdw only com­
binations of pboss>,toat« with cospottMs thut res-alt dJi»#etly from 
glucos# brtakAowa# .As eozym&m &t jmBt (MyrhM&kf 1933) aa€ 
©odagym# o.f siasel® 1030} hmr® stjown to b« eon-
earned Wilis plaesphorjlatloa, tfe.® qtaestlon arista as to li-ls.er® 
coap'ouads eat;«p la the F®«etiofis of glueoljsla# fbis 
pr0bl« la fck© stabjact of wieli. lat&mm r-sseartb. at th® :pr®s®iit 
time, twxt as th© work i« Just well st»rts€ it will l>« posilbl® 
to glV0 ©olf a pietwe of whmt somm of tli# va3?iom® work©?® 
&r# doing# 
In aibd®ii Zimmrmm Idtatlfled as tli® ssoao- , 
rai©l«otldt of adeala®., a eo»poun<l ^hich tb#f had iiotle®A Qar» 
ll#r la ®xperi,a©iits with smsel® on l&©ts©ltog®a« Th® 
faet tte:afc Ll^blg #lgfetj fo-mrs bef^r® had isolated Ino* 
sifiic add fr©Ki killed IIMS©1« suggested a relation fe®tw@@]n 
thes® two olitaiieally stiEllar ooa|>©wia4s» la 19g8 Msdsn and 
eoworkefs publisli@d a s#rl#® of papers Ccf« ll©b®llag 
and S^ltsr# 19t8 &nd EiaM®ii, aii.d SolitMaeli©i»^ 1928) 
giving ©¥M«ne# that iBosiale aeM resulted from hjdroljsiB 
of adtajlle acM wltb coacwrpent fomfetlon of aiM>nla» 
*S5-
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i—€ N=CK ^ 0 ' 
inosliiie a©M 
was als© ®viAen.ee that t!i« assmat of luosinlc aeM pre­
sent, was related to the miseltilar activity of ttm ®xp®riBi©ritAl 
snlaials itrogM) 0 Par»» C1.&29) oonfiroied tti#3« result® aM 
Bhovrnd tMt if detaehed misel# Is artiflelally Irritated 
araBiOfiia apiats e^tal^aleiit to the ©oaversioa ©f saemylle to ln©-
sini'c acM. 
Lohmmm Cl929| was able to l«ol£t» & co»poimd fi»oai mitel® 
wilt eh oa hydrolfsls pfodnc®!! adsuylie and pp'opfeosphorle acids» 
fills eoapoiiim, kmva ©illiai' m adenylpiroplaospJmt® or adtmosln©* 
tripbosph&t®, was fomd to b@ aaetss&ry in laafcie sold f©Mii» 
tloa, LoYmmm In 1931 postwlated that tJi© eoeusjjm® of Bai»el® 
©xtpaet consisted of ad#afIpyrophosplimt-©^ phosphorle &eM» and 
ixmgsi0sitt® ion, breams® It «ss possitoX® to add this systeia 
dlaljEed iMsol# extract; eafi csus® glycolysis# It had prsTiotts-^ 
Ij h0Qn suspected that ooa^maa® of y«ast ai:l£'lit ba laeetleml 
to sjusel® ©o©iigjm@, tor botli requlr© smga^slum, and f#ast i», 
a rich «owr©© of How©v«i»|i to>hmmnn ejid o^b«r@ 
hmm poliit®d mit fcliat th.® two systsioi® ftr®,,, not idtntlaal (Kys?* 
tolok, 10SSI,, But at th® saw# tla© T&mnt work'of Staler amd 
ot!i.«r workers Ca«s aal®j» #t al, 19S5| has eboim that ooE^mfts® 
csa repl&e® th® adsaylpjropliespti&t® sjsfc®m la glucoljsis. 
&1 though the camot y®plao® oofsymas© in f«na©nfcation 
hf y#ast» Cartfttl ehefioeal worfe' CMji*bi®k asd SrisafelBd, 103S| 
shows tto&t &03jma.m ot two aetlf# on® Is eon-
eeya#^ mith oxldofsduetiom, tlie otber witb liiospliorylatloii ®na 
m&j be an ael4 gi«ottp» Fuvth&r $¥iGl®R0« fo^ th® doialjl® 
funetlea of eoEfmass# is deaonttj'atei. by dulw aiad fesfclsj^ 
1936) hmtMs at 100®$« wherefey Its power to eetl^at© 
tiom 1# lost, Mt It aay still sot ,as coeasijti® in laetle ml& 
tOTtmtl&fi hj suscl®# 
P'^splt® tb® iroltJS© of work on eoepaes®, tfe# restarebes 
l0ttd,lng to tli# ectiaal efeenleal re&etlons :lw©lv©d in pbospborf* 
lation b.s¥:a bttii ear^i«d mxt ©lilefly la anael®, Wbsii Ittnd®-
gaaM C19S#| 6xp®i*la®at®d witb iodlosettie mid pQlaoaM m®-
0I0, ht obs®rfsa e@istraetlda witto m fswrntion of laetlc mei€» 
fi© febat fch© imc@sBmj energy was citx'lved irom tli© 
deeomposltion of pbospfeoeFsatla® to creatln# aad pbospbwie 
aeM« .Ffeogpboer#»tliie had btaB first otoservtd la amsel# bj 
Iggltstoa aad Sggl#ton CltE?} &9 a labll® ofganl© phaapliat® 
whleh thMj named pliospfemg^n, fb@ compound was l®olst#fi suafl 
ld»nttlfl#<J as pbosphoer0»tlri.e by Fisk® and S«.b'bar©w (1923), 
^khcfosb.) 
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IiOh®aim (1934) found fctomt pliospbooreatlne in lawsel® 
©xtraet fii€ not split off plioaplifit© ©xoept in th® pi»«stn0® of 
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«a®aylpjr0pbos-plimfcs, the of l&etlc aoia for»sti©m, 
Pailar® la tfe# si««el© wteliafilsm eans®s desaiaetlea of adeaflie 
acid, tIms, ittt8i»fsriafs witb mmmzytm for«iatl©ii. The followiag 
war# s@t up to @xpp®s® thmm ideas on tli# plioaph©i»y 
l«tl©n of glyoogm (it-irmmB aacl Ost#rB, lt34)s 
!»• aa#RflpfTophospliat# • gljmgem • 1#0-> M@fiflie aeii 
fee3tos#4iplio«p^&t# 
•t, • iia®aylic acM ^ g pho®|)fe©er®ati»«-> Ad«Bflpyropfao8f 
p^Jftt« 4- g ©rest In# 
:3* hexQ»«dipl'iOspfe«t® • g lactic scid E 
pfcoaplioereatiiie # 
Esf# r@a©tio»i, 1 ©ffsets the pliosphorjlRfcio.ii oi" glycogen to 
lj@xo»«dlpli©®pli»t€j, wfall# p«a0tiott s ©ncoapasi®® tfe# ©atir# 
fei*«aMowo of fe,txo®#dlpliospfist» %o laetlc acM» liowev#** lnst®ad' 
of ttj.® iaoFgaale phmphM-te being llb©f&t@d as Is ©tewa In i»«» 
aetloa 4 of aiibd®»*» sela«a« It go#s to F®iyat]b®»ii;a ph©#phio-
epeatla® wfel^ii lis. ttara is oteda^ for fcli® reajntjfeasls of afisnifl-
pyr0piiospbat®» A latsr p«p®r by trnmrn, Qstmrn md &mm (3.9m*) 
»tigg0St@4 tbat til© aetlT® agent la r®®«fc®rifyliig tba crmtlm 
wm probably j9b9,8pl'iOglfeei«lc aciA, But a.ft»r th@ di«eo^®ipy 
of pli®splioffiPUTi® ael4 by Lolmann and Umjmhot il9S4j, Parma 
find eowork#2»s d®<sld«S tfe&t this wsa th® phdaphat® doaor 1»* 
toIvM CFaraas* 08t«m and Maan, 1955)» 
In Smother papers by Paras® aaa fets sss©©lat®s tli@s® f®* 
aetions h&¥« be®D. ©xpsnded, biat tlie mmsj sodlflomtlona ftp© too 
controversial and lairolv®i, to diseii©® feer®. For eonvenlene® 
amd 0,st«« C19SS) bav© ©xpr«#s®d tlb9li» thmrf of flj.©s-
phMit%® traasfei* ia ansel® In this dlagraa,! in wlslcli -F* repr#*" 
»«t« fell# Istoil® pli©Bpli«,t® gi«0iap«i 
fbl® seli®s« stiew® sd«iifIpjraphdsfliat#. oee«pying tb© ksy pml*-
tlea of ,;plj©spiia%# ik^aor* It aaj "bj piaospli©-
er«etln® » fro®. plio«pliopfi*tt.v.le a@li Osternt 
Bai»ftii©wskl «3aA'S®i«# 3.t^S)» fli« ®yntfc®«l« of f»lj,oapiioei*«stiii® 
tej pfeoitpli#gl.F®®rie or phospliopfiwl® aeid is r®f«rF«# t© as 
tla# fmrafi.® ?#aetlo.a« 
i^an'All® and leyBiiig»ii Cit35) fmmM tliat ©f©ii«» , 
tla# aMM to satcl$ ©xtf^aet Wi&s mnmrt»& to ph©«» 
phQ&rmtim <iai?liig tli« toreaMown of pM»plisg3.fe®rte &©ia» 
fh® syattoi0sis was fc© iavelv® tfe«s« w&etioasi 
(a i 2 piioipto.ogl.fo®fie a©i4 
®r «.4©aflie aeli ^ 
m phoiphopyrairl® &@ld 
»i.»^lpyf#pli0«pfert« -f 2 pfra» 
vie asM 
(fe) &d«a|-lpfi»oph©«pii6t# • 2 a#ifi # 
fh® antliors brlag mit ©fldente that tfe@ e©TOi^« tttaction of 
sets and adenylpypopfeoapfeat® la smael# glycolysis 
pbosphoereatla® # p 
ad«aylp|t?oplaosplitat# f 
pll®splioglf0®fat« ? 
\ \ |jli©ai»fe0pjiniv«t® • f f3raetossdlpli0splitt.fc@ *>9 p 
pfFHTl© asift • p&osptaat# 
. 2 phq&ph&m'm%lnm 
• *40* 
e#ix#ists in tfetir abllltj to act as plie«pfeat« it©6«ptoi» mmM 
ph##pii:Rt« toaatop p@sp#0tlv®ly» th^j pQixA mt fch«.fc tli® e©» 
hm tmt fe®®a sho'm nmmBmj In smeh Ftaetions as thm 
s p l i t t i n g ,  o f  l i ® x o d ® € i f f e © s p h ® t e  t o  , t f « h @ r e  a ©  
pboaptiat# la imolm^p tet %a nmmamrj tmr pii0splioi*y* 
lation or .4#ph9.spkorylatloii., {10SS) ©aa® ow% lads-
p««A®istly, wttfc «««. eonelusiena i?#gmFdlsg tfe® syatlitslii 
of phmwhmT-m%'in.ep l@.als© tmn<^ %h&% thm pyeaenee of sci®my-> 
lie aeia a«d iea ws 
la fcto,sir S6li«»0 for iiaasel® gltteolysis glfda al3©f®,# lefsr* 
liof aad Ki@dsilng C3.t#S®J ^iseuasi ttia parfeieipatioa of tli# 
sd@afl.te mis. thmm amthora ia.gg@st that %h« ©.stari* 
fieatleri T@mt%&n of gimeose Cr®a©tion 4 la tla«ir aebea#) witfe 
pli©»ph,dpfr«vie aeifi.eaa b# teokea iip into tw# part*i*««etioii# 
thtist 
C«| 2 pfeospMopyTOTie meii + M®nylie aeld->S pyruvle • 
«em • adtuflpfrdpti^tfiiofie acid 
(bj «40Bjipji*opli0spli6t© -fr 1 giiieos#—«,d@nylie a«sid + 
hsxo s»<llpbo spb® tm 
tliay smppose tb&t adeafXpfropliospMt.® also tBMm 
part iii thm initial plisspliorjl&tIob. of glueos#. But for tM 
present, and. Kl«s@llag wlsti t# wait ratil'nor# is 
known about 'thme interrelationships l3®foi»# thej lueorperat# 
tti® ti«w rtaetions ia their glweoljti6®©li0»#, 
la Tie® of til© si*43,fti»ity tli® jmst emjmkmm mud 
mael#' ©oensyais sjsttms it is logical to mppos# tii&t soa® ©f 
-41-
tli« i»#a©tloii» may tli® s©««* On tiiis basl» 
Parnas and aasoeiata® sp® att«ptiiig t© dswlep & &mlm of 
peaefcions ftmplslaiiig pb©«pliO]pjXatio» in al@oh©lie f®f®«Efe«tioa# 
twfewafe-item aafi lam Cl®S5| fim-d tlist .tae#i«sti@a. J'tale# eon-
taint wmj littl® adtttfllc aeit or (&&» 
».nyl.pyroplj®spliat@) • If aitujlie a$ii. Is &#®ao,alii.«tri« 
pli©»pli«it« Hill to® fomvM& la th.9 pr«i»ne« ©f fa®x0s«aipb©iphat«# 
pfe.©spJioglj®#fie aeid or phm^lwpjrmiM aeift m ph<>»phate fiamfs# 
MmtmBlmtTiphmphmte adt#i to jm&st |«ie# e«m#®s pliosphopfla* 
tion ©f gl.«@©0® tlmsi 
m&.mmBlfi@tTtlphmph&t@ * glaeoi# Ji®xo««dipliospliate 4 
fills r®aetl0ii is not so€iii» fltioride. In tbe pr#-
s#ae# of tlie entm tfeer® is m depiwfphorylatlon 
of ad#aflpyropli0ipfe6t®, aaa tb® attt-hora b@ll@v» fcfe# mm&jwm 
Is til# ®sf«Rfclal ag®at fop tli» traii®fdifflatloa of pb.©sptoglfe®r» 
ie Cor pli0#pto©pyt»wle| aeld to a«id» 
Psrafts, Lwtwalc*Saim and Isim CltSS) sma up idaan 
on aleobollc f©mtatst leu In the following i»@«etlonsi 
(1| i.4«aosfii®tripiio#pfeat# • glueos®li«x0®#dlph©»phat@ 
4- aAeiifli© sold 
(g) li®-x©.s«41phespMtf * glueo®^ 4 2 >4 trios@piio#* 
pliospfemt® 
(3) 4 |:ytoae|>l5.©ipiiat® 4 g 1.^0—>B pfeotpfeoglycerls ft«id 
• 2 gljeeropfeospliat# 
C4| S pti©Sfh-©gly©»rio acid s4«aflis soM —> ad.®ao»ia#*» 
•42-
%i!ipli©splmt# • B IftO 4- 2- mi& , 
g €lacl© • i gqm 
(5) li®x&##61,pli©siis6.t« * 2 csgcho • 2 lao-> 8 pfeospliegly* 
mrim- aei« • 2 cl^glaoi 
ffe@• stttaaaa.ti®ii of F«metl©as 1,, f, 3. and 4 rtprtsmts tlie in-
duetioa ©f ft»i©ijt&fci©ii|f in wfeicsli tlia adsnflpfrophoaplml;# l» 
i»ag#a«.rat,#€ &»#. aeetaldebir^^ is laaie availabl# xor rtaeticm 
&» fb.© suaBtatlcm ©f Ij,. 4 s-nd g ©ootlnmotia f«iwi#atR» 
tl0i4'-and rtsiilts in s&j-'ljiasac*# 
c6|;,slm«©a« t t 00#, 
f© fi.©t©aii% pbmph»%9 #st#p® wltli©ut 
prnmrnmut lo«s ©f tfe® aa#eyl|3yfsfli©tp]bat©, smffe. as wcsald 
OQmT is til#. fiardan^loMiig ©qmrntlon. or .in tli« py#s«ne® of flaoF» 
Md, . Prpuss iatj^&ie#a i»«a©tl9a 7 t# tmfc® tht plae® ©f !• 
i f )  ad®ii0sla®ti'lpli0s|iist(s *  2  glweot# • B  h'^po^ —»• 2  fetxo-
8#<aipli.o«pliat« # ad«ayli0 acid 
fhsu ia aa «xe®»s oi laopgaaie pbosptist® the conblasti^n of 
4, 5 Slid ? i»®pr#s«afc th# first Hfirds»*¥omiig «^iaatl©ii ia whiefe 
li®xoa®dlpbosph&t0 • 
(8) 2 gluees® '4- g —»- g mtUjl mlmhol + g CO# 4 
li®«0s#fiipii0«pliats *• 2 iiao 
In tb© iftsdao# of flucirMm rmmtltm 7 aM#d to t 
{t) S .ii9xcs«941plio»pimt« •*• a^siijlic a«ld •*• Ij^O -• aA-taosia#-
telpte©®pbftt® 4- photpiioglfeeri© seid • gljeeroplio's* 
flsoyle «etd + Sg%.|iOg 
i»«siaXfcs 1» 10, m «xplaiaiag: tibe foipaatiea of I<oii* 
Biaim*s dlffiealtlf feydrolysabl® tst«i» with i»#.g,@ii®r&tioa of tfe# 
co%nzymm% 
(101 n glnms^ + gn SgPO^ —^ B phospboglyetrie aeM •«• 
s glfetropli©s|t5at@ 2» 1«0 
mmthora eoncliiS.® bf stating ths-t ia alcoJaoll© f®rm@ntii» 
tlon tbe eo©»zf»« of pJ-espborflatloa Is the adtaylle a©M» 
a<l#nosir«l:rip&©spliat«' ifsfc«a wMeb with eos|m»0t tti©. 
of ©j£i4©r«d««t loB# a»d aagaeslm ion eonstltefe®# tb® eo^agira® 
I» tMs «s0*»@efei©ii it is QetfiwdiPtfej tfaat h®x©s0iipihospl»te 
h&a rm'mtj b®®» found'in f«r»@afc&ti©a @f living y#a»t» S«roi* 
b«rg Cl9S'§| a€d#fi fni®to»«oiiopli0«pli&t.# to $. mixture of lli?£i3g 
y®ast fti«fifli© aeid Rnd was #bl« to liolate s-mB lardm* 
lo\ing esfcier.* Wlthmit tfe# pip©a«#® afi#ajli© ael<3. »o 
diphospbat© was fo-oaii# 
Olila®y®r Clt3§) l»s eosdmeted rmmf^h on fcli« f@FiR®iitatl©n 
of li®xoa«dipli0spfe,at« in tfc# preseae® of a©ld aad ob-
ssff64 tfcisfc tfe# litKOs#- ©st»p is f«psi«fit#d wltfe tti« fonoatioa 
of ai#iajlpfi?ophospliftt## ttlifl mlo@tool, o&fIsob dioxid# sa4 son® 
h&mmmimph09ph&t9m A. lat# p®.p«p by '01ila®|'« C1&30I shows 
that tia# aettvlty of Mgfalf piyiflsd eozyttt-s# In tfa@ Street 
4©e0ia^#ltl#ii ©f phospfeepyrmfic a©ld, w®ll as tto.® dtpbos-^ 
p3riorjl«ti0ii 0f pbespliopfi'mvlc acM wttU glaesoa®, «oi.aeid®s with 
tliat of &&mxijlic seld# tflillo f«i* thm oxlfi©r»4«ett¥« dlsimtft* 
tlon of limos«dipiso.spliiit©, ste,, mzjsmBB mnnot b® rtplae®^ 
to J tlj,@ mdmjXtc soM 
BQtMftmv sM mmQrknru «lao 'bmu aetiir© la stiidylag 
ye&ifc piiospborflstioa# seiisffner aad berl (itsi) stmt® thmt 
th%f lim@ b#©a able to @hmi at least tlif'®® diffey^at mmhB.niimM 
of phoaphorjlstiom ia j@ast asetratiem of til® 
e0©pl@x situation th&t ®xista« 
Ftrlittps thm mmt tlmfc ©aa fee sstS «.bowt the feast ©o®asf®® 
&t pT^mmnt Is ttiat it ftppsars »oi»a eoaplieatt€ tMa tli&t of 
mmtol®, Si J tliougls. related In mmmj- parfcietjlars, CertaiElj 
lie a«icl hmb h%m stiom b# s«ti¥e a# & cqmmp&m for reaetioai 
of pbospliat® fcraasfer# Bat is It s tmmml payt of th® »fst« V 
or similar to eii aotiv# ©f eo«|i»s«ff phos-' 
pli©0r®a1;l3i» is not if©g»M®d mt pp«ttnt m cmmrm®4. la y®ast 
glaeolfsii# 
1# fhm of .the S:ghea@ to B»e.t«g* 
'''' ''' 
th® ¥&fiott® seli®ai#s of gi«e©ljsls for b&etwla liw« gan-
Qwrnllj foll©w#i ths d©¥elopiie»t of aleoliollc f^meatftiioa* 
Th.& propos#d p^&ctioris for bstterlal glueolysla &i»® m&tij amd 
ir&ri©€, as ifc is to explain feb® for8»fcloii of a $Tpmt 
m&nf pipo&iets ®ieli as S,5»teiitfX«a«glfc©l, sueelnle fetitfl 
Almholf gljmvolp pr<5pi©iiie acid, •%©« Wmmm a najorltf 
of th® pr@Bmt mh&mQs Inelud® mttfeylglyoxftl m &n 
Cof» KXujmr, l*iS5 aiafi Qt&ph^naonf. 1930)# fb® ©xttnslw work 
df lisM©n., M3j#rbof, t^ltmrnmi «Bd Eiisssliiig sow tteows gpav® 
ao«bt on thm rol® of m&tbylglyoxftl in jmat aad 
smseltj# St is logle«I to smppeae th&t ba#t@rla m&j c&its# glti* 
eos« l3^®aMowii wittemt fch® fomatdon of »#ttiylgifoxmla As fmf 
«i the ehOTtleal Aiftlmltlm of ©xpl&lalag tii® w»rl&a.u ®fi4 
ppotocfcs ar© eoscera®d,j the ph.mph&$lJmri.^e, «.eld-glje©i?©pbos» 
ptoat® mecbaalia is roadily adapted to any 
Thmrs 1@ v»|- llttl# publish.®# work tliat appll®» t© tlie 
bseterial aMpfemfeion 0f the seli«m#« la 1929 
¥irtaii«a# Earstflte and. f®pia©ttfc«4 difeya.roxyaestoa® 
with lgelieyteli.l,& eoXi »ad feuM that if fch® 'baeteyla mere pp»-
vl0«sl|- 6ttlt«r@d in matfis coafcaialng tbis trios# tht 
tioB ¥®loeity was then twie® that of gitteos®, fti© a-attoors 
lieved tliat th« dlsaSsiilatlott took pla©® by & Gmmi%z&ro rm» 
&rmng0mmt of fell© tplos® iemt form) to glyc«Fie acid and 
glyeerine, the glj©®rie aeii thm splits to meti& and fowl© 
••46* 
It was suggest## tfcst & similar process tak#a pise® 
ia the gliJieose fdpnenfcafclcm end is catalyzed hf plio-spfeate* 
Th# fol.l#wlng jem-f, firtaasn ana. P®ltol& C19S0| sbowdd 
.eoli fdwented glj/eerle aeli t© aoimal #M produets 
•Ml; mil- at afeoui.!; one tenth tbe ¥«loclty of glueos«#.- YirtamtKi 
aaci TlMca Cl®3Q| feaad a a®w ststsl® pfeospkat# ®sfc@r in th® 
f#rffl®at&tl©ti of glucs<?@® by 4ri#d lA^toteaelilaa oat®i/. in wMefe 
•la®xost»onopli0»pfeat® &p|seftr«i to fe® an st®p» Fer* 
m®iitatioa by lining «»ga»isiis did iiet. pi»©dii©# dtteotabl® phos­
phate it 1® p©»slble thm mm estti* w&s siaJ.lar to 
Lobffi-aun'a difflenltly Mattirs# 
la 1033^*® AatoiiJ.«kal ttli,©w#d tliat S* eoli eould di«sislis1;@ 
both gije#i?i© aeld smd pi:iospl«glje®rt.e seM, frtsli ©j? 
dridd pres^diaead pjmri& a®M ii^am tb® pbosplaafc® #st®i» 
Im th® fr®s®acs« of t©lu«ae# lTOb«rg and lofc®! C19S3*) fljow«i 
tlmt testgla&eilXms A^%W&Mkl% also prodmeftd pyniirie aald «ad®i* 
th«s« eoMltioaa^ It is taJiforttixiat® that so ma-nj of 
9x.pmimm%B weT9 earpi®d out ih the prmmm ot toltwn®, as 
tJw® ar® iadieatl0fia tbat tolw«ne m&j affest disslaillatioa* 
f© diftt# tb® omlj applle&tlott of tlx© a&Men-liyepliof 
to feaet@3?lal ftraestatioa was piblisliirfi hj fl&k® In 3.93&, fMs 
ln"^©atlg«ter «how«A tliat l.« mli wml4 fQwaenfe gluoos®, li»x©s®-* 
dlphospfmt^, s-glyo®i»©fh.©giJli&te, ptaospiiogl^efrl© acid and pyma* 
vie acid to n.or®fil aad prodiiets, ppoduots w«r® dieter* 
aila»4 qm«atlts'teiv®lj tni iittmO. to © s©h#»e of gluteljals b©iS®d 
on Mmj&rhot*& Ideas# fb# fa®t that Ms sJata flfc tfe® pFOpos@<a. 
sebam# is proof, aeeofdinf; to flMca, o,f its mllditf*. 
.S.elitii® of .gimeelifata foy .eeli 
glisoos® 
2 dllif^»3cyfte&t0'a«pli0»ph®t@ 
N 
a*glyc©i»ophosphatt phosphoglje^rie add 
i i 
®thjl aloohol • foralc aeld. pjsmirlc aeid 
i 
00# + 10 Mstlo aci<J foraic aeld 
isotic acid GOjg • Eg 
Asid# fFoa tbls scfeem#'® balng poorly *d®pt®d, th« oRlf @vl» 
pi?0a®afcefi for it by THrki. is thQ faet that to® d«iBoiiati?a» 
5*. eoli wo«14 femtat hexosedlohospbst®, pfco8pl*::Oglfc@i»ie 
acid is.,iid a»gl:fe©rotfeoaphste* S©ii© of tfa®se wtr® isolated# 
Ifc is tMt If oii@*a eh&miml of fersiautation 
is .mrvrnt, th® fitting of fches® 6&%& to a thaoretlcal sell©®® 
is in most ca®«s Blmplj « Indlcstlon that th© author es» 
hBlmnm. ebsmlsal ©qtiatlons# In oth®r words tli« products imist 
to® ®faifal®nt to tb# glticoss or otb«r eompounds added mt th© 
start, Bud it la postible to «i«vls« mmnj dlffsrent reaction 
B-mrles that eoinold® at the beglRrslng and th# ©Bd» 
Th# fli»at. Isolsfcloa of pkosphoglyoeiplc ®cld fro® 
a bf?.et®i*l®l ferrientation islEtttr® was reported, by Wertosts, 
Z.o#lla®r»t Oilman and ^ Beyaolds ia 19S6« fhea® avthors «®#d 
CltgQ'bt.ctti* fg»iniatl> fi. r«pr#s©nfcatlv® of « g«ii«s interaedlat® 
hmtmmn Aerotoaeter and Ischerlchla# to obtain ® maall amount of 
tjarlua phosphogljoerstt# 1B the pr®s®ne© of Th© 
•48«» 
salt wa.® ld»mtifl«d fey optie&l potation and aaalysia of eartooia, 
bydrog«», and phqsplior"tts« 
It Is appsy«at from lis© isaall aaotint of work alr«ady den# 
on baiit#i»ial eonmwning tM pbosfbog2.y#»i»le seii. 
fli©©li«ala» thMt tb« probl«a is worthy 0i iiMr«afc|gatl@tt» fh» 
grmt emomt of researeli. om f«ast and wisel© &lon« w©mM In* 
dieat® -temetwla ar® tli# next step is fch© stwidf of gin* 
eolysis, loweverif fch# pr©t>l«i ©f apflieatloa fco b«©t®rl^l 
f«r««nta.tioii ia •t3ctr«®®lf e«tp.lieat#ii| as gliewn hj tb® infcrl* 
oat® ay»t«as <l««0ostp&fc©i im atisel# sai yaast., fh® r#Mtioai! 
nssd t© h0 mr<$tallj wQrke^ eat aay couplet® aoliea»j|, 
iuefe as flkkm'f. Is postalsfc®^. A pertinents point of attaek 
ia this gtttdf is fch® pboiptoorflatlon »yst®ii aad thm Itelation 
of the plieapliatii' paptleularlf phoipfeoglyceri© aeM* 
•4®" 
IXli SPlEIlBifAI, 
Itieli of t&® mmk ob tM isQlatida of phQaptmgljmitic aeid 
was feasfid oa th© *«tfc#d ©f f®r#®lloae and, C193S| f-or 
prtparBtion of-this ®Mtmr from, trmfi jmnt, Mmmirmr as th& 
pres&nt immtlgmtionsf ar9 pwimipmlly etonmrn^d witb tb# 
doettrrdii^a of the #st®r, tfe# quantities df i*«s©tasta tif«4 wmr@ 
V9TJ i*edu©®dt k tjpiml r®a@ti®a islxtare wmz pr#p&i»«a 
aa followsI 
Mils w®i»# frm& til© appi»opi»la%# 
b©41i?.m bj sitp»r»e@nti«lfagin5» Thm .aolsi sell past® ttoat r®-
®tilt#a waa BS#d In ms^»t eas#a wltli©ttt wstalilag, in ofA©!" t© 
pi*@irsHt loss ®f ii«e»s»&rj. f® «««^ tlmk was aa:t@d 
•7 gs, e®ll past5«| 7 ml* • pli.ospba%« Imffer- (pi i*§), 6 ml* 20 
p%v> eemt glae@»#, © ml, 2^^' p®F c«»t la«as#«®dlpliospB®t«, 
8 ml# g per ©eat a<sataM®lfjfd», 0#2 al, 1 p» mnt MgQl^, 2 ml* 
0*2 M MmW sad 1 »1^ tcj^wn®, la most eas«s fch# «omiifc® of 
eells, §l«eo8® and ti«*©a®diplaosflmte as glvm^. wer# addei.# 
the otli«r f*ea0taats war® aee^riias to th© «xp#rl®#nt, 
and sad® up to tfe© tfirae final valmft® slth 
fbe hmom^tphm^hMte soltttioa was ^mpmr^d tr&m th® eon* 
a®r®lal Gft selt, **6iiMi0lla**# thm g& was pr«iplfc«.t©<l as 
GaC.»04 hj th@ aifilfctom ©f aa #Qttlv«l®nt sammt of 
SligMtlf less fciian thm ealoulateifl ftmemt of ttwaallf 
aM#<l to Insmip® agaiast having any ®3te«s« omlat# In solntiom# 
ffm purpos® of tli© Ji«os®iiplies|jli.®.te acoordlug: to Isysf--
hot la to catalfEe the Msetloa of gltteos®, .pbosphat© a»d 
aets as a hj^rog^n a®e®pfcor to 
caus® oxtSmtion of tflsstpboapliat# to pfeospbogljesrle &0ld» 
aai smlma fl«ori€® prewats tli«-fwtl3©p brtamowa ©f ph©#* 
pti©gljc®-fle aeM» ffe® fmisfcloa of telmtjs® is sait«wfe«t 
I®u'b®rg b#li#ir©s tbrnt it aid® In the of e®ll «n2yffi«s» 
fh# amouat of lg01|| wms sfitsd to iastir® ©aoisgli 
of this mmm&Tj ©f tli.® ^omzjmm ufntm.* 
ffeD i»®ag«iifes. and e^ll past# in tfei® ilmka w^re work«4 
into a 0s©otli sjixt«r© and with frt-qofiat 
§hskingp for & sp®«ifl@d ti®»—msmallj 6 bomz»s# fli«n th« 
mixt-ores w®r@ «slaill®d and kept ov&r night' in an le# box &%• S^» 
1o®0, 
In workimg tip tA® p#8«tioa alxtyres th® inorgaale pfcoa* 
wms f^om msmonimml #ol«tioa bj &m 0xm»& 
of 20 pmr mnt Mg aettat®# la "fcb® abov# emperlm^nttal 
0*S ml. &t SO p®? ©®at tOBOnla &n& 4 ml, ©f tli® acstst# sol\i-
tloii wdx*® ?li® pfeoaffeat# prteipltete wrs reao^ed bj 
e©ntpifttgftfci©ii. For th« pwpoj# of rouglilj'' cf.leulatlag th® 
emomat of phesplmt# duflug the ex|>®i*l«#at, tli# k«lglit 
of til® pr««ipltat«» la. th© serftrifrnge tmb® ms •ai#stmrtd» Sy 
ealifcr&fcioa tfc« -^olr^s of tM wltfe rtspeet t© height 
in ailll®®t«rs it was posaibl# to »mpaK'e thm F^latl-r© asioiMts 
of pp#elpitat«s» Sli#®® w#r« in trfeltrapy tanifci, 
m eoapl^ts p]b,©$pbat« wptslc® bting m^ml t© 11 #S# For moF® 
se«ms;at® ptoospfemtd d«t®Fiiiiiatlo» a ©olorla«ti?le iisthofi was 
lism iss® t}#!©*!.!, 
Aft®r of phmpb&%@, 3»5 lal*, of gliielal ae®tlc 
mM &•&§. 1,7 of Ba ae»tmt® wm& aMet to eaefe flmsk, 
fh© sixt-uj:'«g -mrB qwlcklf ifug^i to remmm a ytllow fr®* 
elpitat# the-t usmXlj ©aa# at tfets poiat, aM th# flasks, 
placed in &n ie« ts-ox at Bs s^lt o-f pfaosplaoglj-
e®rie aei# (if ,ec«a»S.4©FaM© wa« btgaa to |>r#®ipltst« 
ia 6 fco 12 Jaoi.13?# a»a e®atliiiae€ for & dmy oi» two* la ea®e« 
wh&m m prdcipit&t® ap:p©«»#4 sft#r tw® dajs, etiiyl slcssliol 
w&s addsi t© a'h^ttt 1§ pmr e#ttt hj wltisi© Qf th0 
reftetioii slxtw®, A iss-ger ©,f sleoli©!. a&i^ brimg dewa 
other e»p©«a4», Csmtrol i»ms withomt e«lls pr«a®mt|| fetit 
e0i4taiiilas all fcfe® faiiei, gl*® Ray pbssphogly-
c#rie aelfi salt gft«p staadiag, 21 <laf® i» thM pre»«a©® of . 
10 p&t -cmt^ aleeliel# 
Mt®r <isfa fclie whit© crfstallln© pi»eaipltat@s 
of Bm pfeo®pho.glye@rat# w#r® fl !%«?«€# dried and w©igii«d* fJa# 
weights ,r«eQrd®d In tlie ap« fci3,o.s« of tb» er«d® 
®xe.®pt otli,©i»wis@ noted# If thtrs was aay dombt sbottt 
th® id®atity of tb® • eoapowad,# 'and la the ease ©f tlie first 
itolstioK iroai a m-w opg«.niai»j» tfe« salt was pmrified sad tlid 
optical potation sesswFd#* Purlfleatlon wma emrri®!i oufc hf 
sol^tlom of til® salt ia 7© tlr;#s Ifcs weight ef 0*0S I ICl ani 
r0p]p®elpitati#B witfe %mim tlmt of aleolsol. fbit was 
f#p#atm aeeertiag te tis® of pmrtt:!- desirm# 
Ba phosphd.g;lf0«rst;@ ei»ytfc&lll»©s tr&m iile©b©l<»wat;#r »l3E« 
fcur«s in small wMfc® le&fltt®, gluing fcb« liquid a fcr«a»lwe®®t 
•"SS"" 
stoetn, • fh# apf«&raiie# la qmitt ,-el»r&©fc#risti©, anfl tn® 
ertid# pFOteet is 
la t!i© of' f«3?c#ll©ft# fend S«i'b®rg, liexoiedipliot*' 
pfc&ts is added Mrecfclj,, In to ©'how t-hafe Bfeosplioglye»fi© 
aeid 6i,a b© f©m®a. tmm glti$0se wlttaomt sddM pfeospliat^ ©st#!*, 
soia# ww# p@rf»m84 tiaiM Oft !;:&# method of l«ti» 
b@yg e.fi& E$t)©l il9St*K A® tfe® specif 1© eoafiltloas ar# gi¥®a 
«nd«p ©Soto. «i3@pia«nt, oaly tlife g;«a#ra'X pr0©«fei»# will b@ 
described her®* Glaeos#, pla©afiia%# feuff^jp CpH 6«S), and ©«11 
past# -are" Inetifeatei f-of 2 m 3 hows la th.6 prmmm of tolo®»© 
pfa©8pb©rylttti©o of glia§os@ t© ii©KOS«dlpfe©soliat®» 
At til© ©nd of this p«ri0d> aestaldtfeyS® ftjad sodima fluofld# 
ar« ad4®d and tfe® alxturt is aga.in l-n©iibat«d sevdral hows#, 
fli« rmetiom sixtw-e is worked up as b®f©F@, by px*eelpit&tion 
of pbosphat© ana ftdclitioa of gl&tlal &e®tie aeM #%«lval.®iit 
to 10 pMv e#at of tb.« voltaie of lifnid, Abdut on© balf »a 
mueto. i© /p^r e$at Ba aeetfi-t® is e-a mcetie acid. 
The plaospfeot^lstioa ii fellawed bf d#t«r«iBstioa of la-
org&nit |)hospbs.t«, asiag tl» eolorlisetrie method of E«ttKt«r 
&ad tltQtxmmmlm (1930)» Oas al#. of iAim r#aetio» l-» 
witlidfawa sad a-MM to 10 si» of 7 per c#at trichlor&esti© 
©eid to pr®cipltat-© th© c«lls and prot©la^ th.9 liquid, ia 
filtered &r4d tbs p«§ipitet# la tboreugfelj wssli.©<3. to rm&ow^ 
%h@ pli0apl»t0« -ftud waaiiiitga a3»® dilated to a d©-fiii* 
It# wlime and the ph.mph&t^ csont^at is e©»p«ir#S to tba't of 
$& appyopriat® staajisr^# 
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salt was SistelvM ia 5 si# of mmml ICl, and tji® r@a<aiag» 
w&m takta In m ai-cf© tmb# 10 ea., long, of 0»1 «1» VQlvme^ 
Headings tOT this asount ot tfe® «#t«f »1»ulA 
£3* 
cietafeerg &m eob#lp 19s3®), m (io ® ftie resttlts 
b 
mrlad from •#»S4 to 4«g3r0#«i, 
3* fb€ Fopaation of Pbospfeotlys®3?ie A©id bj ¥®ja®fe 
i* .l3aflij.eae0..,o.f wglemg. aemrs 
flb.@ fallur© of mmmj i.tfe#apfes to isolafe# pfeosidioglfc®rle 
aelci from teaeterial f"«ra«at®tloBs sfeow®d that tb® was 
not iisttmllf ii.ass®f th« csoadlttoas wblela l^-aberg smd 
Eolj«l CltSS®) h,ii€ givea for ffee iaeonsisfe«nt result® 
of two ei» ater© with tto® caa# opgftiil«ffl nn6®i» sliiilai;' 
eenfiitioas w#r® mi^enm thMt smmr$l. faetor# w®r© sffeetlng tb« 
field of tiit aeid, .sgbi® of wMcfc e©«ia b® ©xpsyiwatsllf @©ii» 
fcTOllM# fh-wefof# befoj*© proee«<iing wltfe att«}pti t© laolat® 
phospb©gljc©i»ie acM m»iiig a mTlen et' %xpwtsmnt@ 
was ii»a«i»talc®B frith y«4st to detemlne fsvofatel.# eorMiltiona for 
pfoductlon of th® estw. 
Wot thmM® tli« »@tlio€ of ¥©P8®lloiij® aacl 
berg Cl93§) w^s fellwt<i, «siag ]fe#xos®iipli©S|>iiat®« fMs M@tteoi 
i® qtilekw thm til® old-sf om© of ^ta^erg aad £©15®!, aa 
1» no pbospliQFflatioti parlod# It was asstjaed, wsd tii« asswmp« 
tloa lat#r tbst if 'piiospfeogljcsFle acM. mn b® oto*' 
taln^d witli hsxosti^iphosphate present# It mn b« obtained w,ina®j» 
simllsr 0ciiidlti©na, witli. gltieos# alea®. It it oalf nmm»&Ty t© 
pi»®c®d© th® i»dg%3lap iacmbatlon thrm hj m pliospliorjlafcloji pdrlod 
witli-oiit aeataldflifd# or pr««®iit, 
Prellmlaari' liiT«®tlgatS.G-a siiowe-d tiiat fcho following fac* 
tops w©r® iaportsnt In Inflia®n:<iliig tJi© ppo-d«ctloii of pfcospho* 
glfc^Fic ti®e Mid teittperatw® of taemMtlon, eoaeentra-
t-ion of ficetftMelifi.© arnd pi, pip«rs®ac® of 
md tlis of ©t.b.» r«ag#!its suefe as la ©mlatst fli© 
sjaoimta ©f ,gltioos« siil pho-B-phutm OT«®siiit Tabled with* 
owt a®i»iously inf Itieselng th.® yi@ld» fh© -tiftouat. of h#xo®#di» 
phoipiiat.®' vm 001 lap^rttst# proiri4#d mmm wm 
asut {at l@®at 0,1 per cent), fh# teffiptFature was flx#d at 
57^0^ th& pi sit 6»8, as tb^m Am fmr0r&.hl& eonMMom 
for m.& mtim ©f yeast pfe©sp!iatms® &xk& w@ll aa fof 
mmnj "baotdrisl f#»eiitatioa», 
Ii4 ©r«i#r t® fcii® of m.&h v&rlabl®® as 
deflttOftd®, ti!®e &a.fi th# pr^stne® of ©xalat®, sm» 
«ral fmtmlml ©xpsrimeata were e&i»Fl#d out Cef, liS®| 
bf»an4fc, 193s)* 
II; was dmlrmd fco test th# mffmt of t»o eoneentfatlomi 
of aeataMthfd® and two of fl'.}©i»id®| tfer«® differsat of 
laembatioai snd tij© al3s#ae® or pfes«B^©« of o»lafcet If 
fmif vttriafels# w®i»® in all ©oabiuat Icms tht®p@ woul-d to® 
2 x E x 3 x 3 ©Fi4 separate flftsks mmaBArj * then aot only 
eottM thM #ff#ets of enoti s@psrat# -rarla'ol# Is® aettd, but also 
tli© lat©racti©ns or ©©ablnsd Biimta of two or aor® variabilis* 
fh® ©xperiiRent iw. fublt 1 was carri©*! o«t toy plftulag ia 
®aeli flasks 7 £5S« eeBipresse'd 7 al,# pJioaphat® buff®i» 
(pB 6 ml* go p#i» mnt glueos©, 5 si* la bexosediphosplimt®, 
0.1 ®1* 1 per s@at lgCl«, 1 al« t^liisae, snd. other rtaotsnts 
#Fiii'Gl@b.@i3, by Gourtmsj of Br, €» 1» Itlpftr, Red Stsr Y®a@t 
sm ptod«eta co,# sllwabk©®, wissonsin, 
fabi® 1.. wiuf of fnti, aqmammmm, wmmim jjd mata& 
- on fmumiQu of faespii5ti.fefflis leiu* 
isxpefimdat ss}' 
flat&tflm# las^ es^SHOs#.,® laFii^a img0gO48iri#ld of nmltt 
. 8 Miayg t M... t ' b3>,». .1 al« i mm&m i 
1 4,,i l.,i © . 140 
B . g 4.:i i#:s n 9® • 
S t 4.:2 • 2,0 Q 1 
4. : e 4»3 g.O $ 0 
S g 8»4 l.S ^ § 108 
6 t 8»,4 1*,S i 0 
? E 8*4 g.o 0 121 
, 8 . 2 ®*.4s, M 53 
•' "1" 4.J X §  • '  ill 
lo­ 4»g l.i B •Q 
ll i 4«2 • t»0 Q 81 
Ig 4 4,g 2.0 2 2 
13 4 8*4 1.6 0 118 
14 i 8,4 1«§ 2 im 
1§ 8,4 2*0 0 m 
16 4 g.O 2 im 
i ' '  
. .  . .  .  . ,  
•i«E ' f#i '•• d ' ' " I® 
IS @ 4«g 1*5 i im 
li © 4.2 t»0 Q im 
EO 6 4.g g,§ 2 87 
@1 g 8.4 l.S 0 8i 
gg § 8,4 l.S fi 0 
fS ® a,4 2*0 0 190 
24 6 S..4 i,o g 291 
••58» 
as listed In fabl© The mlxt'ujpes wmre handled as g.lvan 
•mAmr l'0tlio4s* Ifnfoi'tttnatdly tli® .p^^sene® ©f la oalat# lm*» 
terfers-d with tli® ppaelpitatl^ri of bsrltTO plaoipboglfs®i»ats» 
difftmltf w&s. iiad in ptirifjlag fclie proelpltafe#® aad 
©oi'f'tetiag fdf loss ®©eiiri*lng in tb# process, f!s®r®fo3?« tU% 
fields of tli® oxalate-eoufcaiaing nixfeiares were aiitsjecfc t® 
mor# mm>f thm tfee otb.®r®# 
fli« yield® of erM® phcsspfeogljespie add salt «!•#• i»®©oi»d«€ 
la fabl# !• It Is ml&mt tli&t a fartatloia is present 
m tfe® flslda ran imn Q t© gil* If possibl® seversl replles-
tloas sliowlt! 1># carrisd tUtough la ©Mer to gift ® tpti« WTQf 
ttm.» lowe¥&F, it aust 'be ^5lia»lg®4 that tli© ptirpose of tties# 
axp^rimtnts on f®mt wm nimplj fco t'tiA out tb© pdlatioii® of 
liapdrtaat fsi»labl@s In order b#tt«r to appro&eli tbe siAJ:®©t of 
bactefiil f«i?«@atsttoa. fiat did sot p®p»lt an ©xhawstlT# study 
with y«esfc» 
fli® analysis of wri»nc© Is pp®seat#d to fabl« 2m tn. 
th© first e0l«Bm are A-owa thm ¥&i*isbl«a ©caipar^tl, A, F and 
0 repptsaiit the ecmparltou of t«® ©©fteentrttt Ions of mo^tsld#-
hyde, flworid® and oxalat# rtspeotlFely# fis tli® coaaparisom 
of tfeu 2 &afi 6 hour pariod#, frbil# F#|jf®sitats th® variation 
of th® 4 I&Qui? period fjpOHi tfe.® m®aa of tlis othmr two, fh® 24 
flaskt pro¥id<i g3 lnd«p®iid#iat eoitpai^lsoiis wfcieli maj b® ssslgn®^ 
to the four variables asd tbtir iat®ipaetl©ii®, ffe® irftFiane© 
for ©aeli ia abown in tli© last eolmii* As tii©p« 1© m %tu® 
Qf ®xp«i»lii©nt«l «ri*oi' in this ©xptrlment, thm higher 
fafel# i, mminm ot fnimsi foi mtk m tmim i. 
, b«gf®.#a. ©f ifmimnm 
im9&m 
1 gSjS6t** 
• 
A 
I 
I 
61 
4,9i8 
F 1 §§4 • 
0 1 
T/ 1 . m$ 
T,A 1 11,#94^ 
t P 
x 
I 19»CS4# 
f^F 1 S,S8S 
1,@83. 
f»0 1 fiS 
1 
4© 1 t>3S§ 
?© a. 2,m4 
1 g,8©9 
1 ®«§SI, 
' « Ist SFfOf tQim » 
f AO 
• 
I 12,g88^ 4,mi t O.f, 
f,fO I 18i 
^ End ®wor t«nB « 
f^FO I ? 20891. 7 C.F* 
A?0 1 mi 
• fjj^AF© I 2,Bm 
. f^MQ 1 i,fm 
fatal 23 MS,as© 
•60* 
iatepaeti©.ns infoXi'lng 3 or 4 vai»i&'blee &m tog%thm 
t# this p«Fpoa«» For tli® $ d»gr®@s ©f ,f¥©#d©a fcli® sua 
of stmar#s totals 37#0O4» f!is mmn tquar© C3?,0#4-r t) 0r 
»for t#?ai is tfe«a 4,|fll2# to this t@fw, t'b® tw@ tdti-
III# «taiifr#4 figiir®-B>. 'fx signlfiesnt Cef* S»#d«e©r> 
1934., p, 881* Sine® and f^AO ai»e s©fisli®Fafely l«rg@f» 
fchma tlie sttow e«ipsrlsoa« i« tli« ef»r©r it wQ«Xd te« tell 
to t®8t fjgAF and fgAQ • agaiatt a ii@» of trror, g089, 
ma®<i am.' tb® othsr f s5©gra«i ©f fr##d0»« tfe# 6maparl®oii. f«lt'0 
If sipilfieaiit atti ia tomt slightly 1«»» tli«i tlie fi¥® 
pm etnfc 'tnth tli# smmu& ©rror terai f,«A aB€ f^F hmomm 
slgnlfltsmut arid «ai IF &r® litgtel|- ilgnifieast« 
Far tbls «Ep«rtmeiat; 1» a llii«ftf rslatioualiip fe®* 
tw®#ii time and jimM, as sIiowb tfe# lilgto. aii«3 wmrj ssall 
i'a# fb#r# &VQ statistieallf slgaifisaat lat«fftetto»s T3«tw««ii 
tliat Cf#) ae#tald®tifd«, tlia® and fliiorM#, find m®» 
tal5.@tiyd« sad flaoriS®#. la apparent frea fg^k tlast th® 
of s@etftl4«tifd« eo»liiii®d with tlmt m$.j muBB & 4#¥lst-
tlon fFOffi the liaemi* relatlon^ip bdtwetn tin® and yleli» 
In w&i*d,s a i» tixm probably s-tomlfi hm aeeompsatiad 
bf a ciiaBg® In S6#tal4#hy(i# tm high. of ©st®y, bmt it 
Is dlffiomlt to d#ttpaiii® m «s»l3|.« relatloasliip frmn thm® 
iata» & gtmdy of tbe timtm Indleafces that T|.F trnj "b# 
px»0t«.d to tbat aa luereas# ia fclm® shanM he 
hf &tt in 0oa#®iiti*afclon of flttorid®, Sisllei'ly 
highly slgalfleeat AP is Ijasls foi^ ©omclutSlng tteat tke 
•61» 
aad ec®tald#hfd® eon©®mtrstioiis also should b« varl«d oonew** 
T&ntlj, 
fli®89 a.r® logical coneluaiotis consld@rlng th® natttP® of 
tb© retetlons tsking pl8C©» Meyerfeof and Siassllng (1935^*®) 
fomd that tb® Inliibitoi'y «ff60t of Sap la gremttst at 
th® feeginriliig of an 8xp®rla@iit m& Is gradually oirerco®© as 
the r®60tion proeoods, Tii®x»«foi»# 11- would b® ©xp«ete^ that 
if a mlxtw® Is to b® iaoubttted, for a longer tim®,, en in-
er#«s©f3 amoant of Irihlbitor Is nscaasarj to p«av®nt th» braate* 
down of phoaphoglfoerie acid. If tli« complex rtactlona con**' 
eerned in the fomstion of pboiphoglye@ric aeid from aot^aldS"* 
hfdt and triosephoiphat® are assumed to "6® aubjsct to the law 
of mesa actios, m higher eoncsntration of ac®tald#hyd@ amy 
b® Bocesamry to ov®reoae a correspondiag Increase In fliiorlc3@| 
whwrnB aa iaereaso in fliaorid® at tfe® lower l©ir®l of &e«tald«» 
liyde simply lner®a8©s th® totiil inhitsiting @ff©ot. Tfe® effect 
of the lnt#ractioa b©tw«®n ao®fcKld#li.jd® aad fl«or!d« 1& demon*' 
stratod in TsM® 5* 
A dlsttdTOntsgt of l«rge exp^rimsats siaofe as in fabl« 1 
is ,tbat only 8 flasks cun b« coweniQotly handled at on© time# 
Thus two errors are iiitroda0s4**'th© trror in experimental 
t^ebniqii® and tb® «rror lb®tw®®ii s®p«r&t® handlings or batches* 
In &n ©xpsriment with onlf 8 flasks the error b®tw@«n batches 
is 0lli0lntt«d# Aa til® work witfa bacteria was ii#0®ssitrily to 
be Gonfifi®d to siaall bateti®® It was of lnt®r#st to 8@@ whstber 
results eoiiM to® ^uplioatsd within grotips# 
•tn 0*g f ' B  t 
mi § * t  f * e  k  
m  i 
9e ft 9 
m  0'*g f * B  •f 
801 n f * B  g 
Of o*g Z * f  s 
i.f ft S*f I 
%xm j:© ft#|l t i ©is s0 ^3 « 
(se ^«©a|as€«s| 
*^d? 0ili311f5oil<isom 10 
mmmms lo adxasinj aw msmmrmmm .m 
•3§» 
«03* 
la S tfe# tossie reaefcants bf« th# swe &s tfeost la 
fable 1 ®*©0pl ttemt msaitrelal Flelsclmaaii "baker*®, jeaat «rm« 
«§©4 ia filtte® of %© fi«d Staf braad* fla© coneeati'ii.ticms of 
fluofia® ftud ft©®teld®l5yi® s?« Biimn, and tisie of iac«batl©a 
wm i hours* Wlmkm 6, ?•, i ai*® ^plicates of 1, 5, 4 
respmtimlf% An ©Malmtioa ©f the tota sbcj-ws 'tMt Sfi la* 
ermm tm fteetaldeJifi® uiid®r eoMltl$ai aas^kaily ln» 
ei»®aa®® th# yi©M of At ttoe low» eori««iit]p&fci©B of 
aettaMsliyi# r inarmB® In fliiorid® mnsm 6 €M&Tm&9 in 
field* At thd higfeer let«l ©f ae#t6ld®lifde %n In&rmm of 
fl«oFlA« mnsm »• is»i»kM iaerems# to yislfi* fliit i® «» ill«.atra» 
tloa of th« lTitsi»«#tloa» AF# tlm% was found to tot aigiiifie«it 
im thm' prai'io'tts 
Long staadlog of jamst men at 5«10®G» Amr&mmS. the yield# 
fwo w«®lcs sft-©i» ©x:p#rlBi©iit 35 w».s |>©rfor»#4 f#«st ©f the Bsmm 
h&.t'oh was «se€ ia a swill 4?xp©riai©at-»s#pa0 flesfea ©f wbl©li 
war© dmpliettt#® SS**ftiid ao jteld ©f ett©i» was ebtainaS* 
Sthtfl ale^feol wm m% added to th«»e ®'xtitr©a, «M it Is .possll)!© 
ttmt tills woiiM hs*© pi»o4«e«d wp t© 2& »ga» fl®M p@r 
flssk-, ii©w®f®r tli« of prodiiet w«8 aff@et#A 
Is J agiag -of %h& mllSm 
g* Eela,teioaaliiP8 of PboiPM.t#. nat«M«» 
Ik Best 'Of tti© Imtmr exp®rim®nti5 Imth wltb jesst and bae* 
ft rotigb ftstlaisfc# ©f tb,® aptake of laoi»gaole pbotpliat# 
was provided tjy measiaring tbs e»Bat of IglH^PO^ pr#cipltat« 
and the osioiiutt d.f pf'tteipit®.!;® owk&imkl 
froTA mm drieiml ©lis apfcik# is i»®eof€#a % 
«» mrblti^a^T- syst«i in tfiii-dli 11.5 mprmmits the fcst&l qm»^S.%y 
qi inotbsoxq a4<l»4« a ts*im.l in wmcli so tmptmlm oe* 
©Ul»i^€ womM siv® lltS yaits of |iii«Bpliafc© pl^siplfemt# o» m up--. 
tel£® ol* Of Of its 1« .po-iiiljl.© to hmm 
ptos^efc.#- ftt t^lie tlmii at 'tili# he^LmSMg o.f a fiin d-a# %e 
of tli# origiaal, iiexosMlitidapliate fiiis: s«i®* 
o-ceur©, the uptstms as*® %hmt r®e-»i:#a- litsmtlir## 
fiitii 5r#&3t mmmits of a f^lXm prmlpltrntm^ 
temntl ««»© do via on ae#felc aciS 
ia warkisg up fcte Si# mmuuts oi B wem altp »• 
e»deia bj srn&ms^m' tli® .prseipitat#* 
la fable 4- is pmsm^M m axp^fissiifc liilcfe. is similar • 
tiiafe in f abl® i« Fltiiyjimasm* a f«iust w&a med ma ia txperiMtst 
se* The wmPi&Mms are tiisn (S lewl#),. the uMitlm 
of '1 al* 0»S II lagBOg ®J fclie &Mltlm af 1 sl,» Q.Sf 
Eomt© as vmll ss fluorMe lias bmm used fc© iitiifcit 
fell® ij^r^akaom of i3liflsi^l^glyc#?le, aei€ imlfautl, umtmrdig md 
ISrmll J, 3.i3i;) • lias sis© bmm fo\m$ t& hmm m imtlmnm 
on plkomtrnfeas# is&tmffn&r smrbmst, lt54|* 
bo rat© s««M to int«3?f«x»t TOsj»wiiat with fcli® 
pp@&l'p:it^tio& of 'til© |ti0spli0gl^©«-rle aeld, m il6 ox&lafe©*. 
til# iaeubmtiaa t0mp&pmn^& i»aa smmml d®i^ms 
iliiri'iag part t}£ m© •»&> tiiftt it 1« dlffieait to 
coaoliiaiaaa tlia «.lgttifte«qe© tlie flems* 
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•• 
'Mgfc et S hmir» m&j h@ pariiftlly explalaeS by 
th# faet that an incpm»m in tmpBr&tWB yspldly t© im» 
erm&Bm the rmt® ©f elj«ii#al raa®tl©a®, fm&m tfe® tl»8, ®sp«e» 
Iftllf 3 mn& 6 Jiow®, »«.y be sqwi¥altiit to 6oagilt@ra'lJly loiig®^' 
liit«r¥®ls at ,Sli# sg«t tjpm -of analfiit ai gi¥®» ia fabl« 
g sliowi liothlRg ©f ©ap«©lal signlfieaii#® «xe«pt tiit t.i*t8isMo»» 
dlff«r®ne^ l& yisli teetwssa fcb® first 8 flaaka aact the otfe®f»s* 
WowmmT it is Mtermting tliet th& #»0r t®im feas«d on tb®. 9 liia:.li» 
®r ord«r iBt.®r®©ti©ns Is l,t98«»*app«*Qxl®ately t# %!&« 
flgiup® CS0S8). ©btaised £»• 2 mttmp wltbSrawlag: two of thm 
t«ra®. 
fbd ©ht#f in thQ S*ta of T&fel© 4 It#® In fcli® p®* 
Istlon® ©xls.ttog &mng plsospfestt iiptafc®, preslpitat© &n& fi#M 
of plaofphoglj-eerie scM salt# Ssnetlag tfeese t!ir#fe valtie® as A, 
B «nd f rmpmt^WMlj, If the siapla ©®i*ipelati©iis asoag 
daba »!•« eomptited iteeoydlfig fc© iallae# .aai C319S1|| w» 
iia¥#i 
rj^ » 0,t64, 
fhe highly slgaificaat mlit® for 22 d@gi»®«s of trmaosk Is 0»615» 
A ©lose rel&tloaatoip tfe© pfcosplmte up-talr® and 3ri«M 
of pliotpto-oglyeerie acl4 soulu "b© i@i:p©et@d| thsrsfor® th® vain# of 
0.754 for r^p is no swpriae. In faet It Bight wiill be higher. 
Mcjw.@¥«, ther# e*lats a ,r#eiproeal rolmtioitahlp ts©tw®©n tht phot* 
phat© isptsli® mm& precipltat® B» and B aad yield-of «st®rt 
In. othw wor-ds ttie sor® pliospli0glfc#i»le a<iid eM #oiiewren.t 
p-hoapliatf uptsk©,, fclmfe .oetttrs# tlie, -p'.ft&ipttat© 3.is fowras. 
whm tiier# ,i» a Iftrg®. .«®ou.9% B yi#ld of pfao®* 
pfcogl^'eeric «eM t«ods to tm smll» These relafelemtMpa mi»e 
of lat«r®st in *l®w of r^eent pf»©pofal» that t;.h& gltisolysls 
laf t&l€® plae-0 «lfch#i» hj pb<?spfe.oglfc#i?ic mm qt tif an slfctf-
nat# •pstb. 
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C, ffe# Foririfetion of Fboiplioglyetrle Jlci€ in 
BaeteJpl&X Bissiallatioa, of Qlumm 
1* Fgosienig seiil , 
Fropioale eeld bs©t&rl& «®f« eultiir®# la & isoiltai oon* 
alsting of g:iao©»«, 0,3^; I)lf« p@ptoii@* Pltm yeaat 
©xtraet and Ci,^ AfttF fi Ijeiirf* gr©wib1h tli® organlsmt 
w«r® esnfci»ifag®S from tli® sedim and tts«d iifaiedl&telf, For tii,® 
l8©lfttlob ©f p.feotpmoglfe®ri$ fi"o« ls®xo®-«4ipbosph&t9 and glw-
cose til© aodifiafi 8i©tli©<i of ?«i»©®ll©ae and l«ti1b@rg (3.9351 w«# 
used as d«a©rllb€4 %xx s«eti&a A, thm reaetants were added m 
Xistsd ©xe#pt that iaF» aeetaldetifd.® tjid tiin© ©f Inettbatfois w«f@ 
TOrisil a.s sliown in fatjles £ and 6# fwe species' ©f .Pyopioni*' 
war# ms®4s g, ferafaiBdsws' IS4g! and s®atoa»e#tig 
(49W)» fb«®® ai»® d-sseritoed bf W#rtea.n a.iid 'Brown. iW3Z) m In 
fablas 5 mud 6 af© ilMj reisvlts' of typical 0xp«rla#nts in wiileli 
th@.ijspit»a salt ©f ptoaplioglyeefie aelfi waa 
Wltii li©x.03@dl^os.pl»t« to set AS & catalyst and laF to 
Iriblblt l\irtia#r dls»iiailmM©»# %h0 pliespliQgljoarie acid proto* 
ably arise®, fef the F®aetioB Mef©rli©f aM Eieiilteg glf® f©i» 
ID glucea# * 2 ifpo^i 2 ciugbo-> 2 fci»l.o#®phoiptiat@ 
2 cil^cao g plio»plioglyc#i'ic scld * Cfi^CHnOH* 
For t.i3-0 Isolafciaa of phospl5,©flfc@i»l.e eeld without added 
diphospliat.®, & |)i»©li.»:;laarf p'li©affe0pylatloa ©f glucose aust pi»@«« 
ee«d 
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|g) glttoos© • 2 R®F04—>-h®3tos®dlphO0p!iat® 
befof® p©«eti6m 1 mn take plaee,# fo- aeeo-aipllsli tfeis the fol* 
lowing ©xp-eris^nt was ea3?rled outt using th& aetteod of H©nl)®rg 
and E,Qlml Cl933«)s 
wms c«lte,r«i. as b®for® and tfee e®lls i*e-
iao-^«d by etntrifttgation# la & 300 si* flsalc tmrm pla#«iii 23 
o®ll pa.st^, (311nt«d to SO al» witii distilled wafc^r# £-0 »!,». SS 
pmr cent glttcose^ 50 al* 0*67 M pliospfeat® buffer fpH 6«9^6|, an€ 
10 2:fl» 0»2 U ist'w thB »ixt«i»© w&s,,itteubat®d at f©r '24 
liowi. Diifiag tEls perlM th©r@/'w&s a phospbste uptake of 
mi^rn P/ml., Cat® f&hl& f}, 4t tli® ^Bcliisloa of tfee i'iwat p®f»l#<l 
aji addlttdnal 10. ml* $f flttoria© aalwtloa a»d £5 ml# of 2 p#r 
cent. i.<s®tiild#bydt w®r« add#d aofl the aixtiirr® Inevbttefi for 4 
hoOTa, ^ .Q,14 aiga# P/ml# 'was #st®i?ifl©d» fli® ylelil- of Bariim 
g3®c, 
ph©spteogl?©«rat© ws® 0*417 gm# ffc# opt leal i?0tatl©ii# (a) D 
w *15#©, agrees closely with tbst wfcieli M®ub#rg and ^obel oto* 
tain^d for pbosplioglje©]?!© aeifi from yeast, 
Ib ©qu&tiott 1, ac#%mld.«tifde acts us fcli© feyrlTOg@E aeea|>t©F 
to cielijarogenate trlosepboapMt® to pfcospliogly©«i»i© aeid# A» 
is e'vld-©ns»® {W©od and liiTkaaii, lt54) fcbEt .e<s©t&ldL®lijd# It 
not ftn iatem@di»ry Iti fctoe eroploiile f®M©iit®fcioa, aevsral ex» 
p®iflia©nts war® undertalc^in to .43.0*? the ©ffaot of aeesptors, 
Furt'hwwiQr& it is r®a®©nabl« to ®xp®et soia« phosphoglycoylo acid 
to he foraefi wltboiat. siij aMed hydrogtii aeceptor prtssnt "by 
(3) ii©x;©s@dlpBo@pliat@ —> 2 trlosepliospMfc© —pbospfeogli-ijierlc 
aeid * a-glycwopliospfcorl© sold, 
T'nersfor® eoatrols w^re set np with, watei* inite&d of ac®feald@hjd#. 
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In fabl® 5 ®i»© shown for f. fegabiaosim with vai»lon« 
hyiFOgea aeoeptor® »a4® mp to Is® *|}fromi;r.at#ly ©^,lval#nt In d@» 
hjdrog©B«tlng e&'paeltf# It Is assiaefi that go t© al» 
ooliols, ^pfsmflc acli to laetic aold, lactie a©M to pfopioisie 
ealt, and te fhut t© 
eopreapoiw! witb 2 pmr esat a©sfc&la#hyd© th«r© ar@i g,S p«r e«»t 
pi»opaM«fey«l# > S p#i* c^at Ma pypttvat® iirwi l6 Istfcat®, ead 4 p#F 
0«tit as®tflmethylcaptela©l, 
Bjcpoi*lR«fit| flask UMiiiti©!', tlm.& of rwa., laF -prmsmt, and the 
amoimt of tlie see®ptors ar-e sIiowb in the first g eoliaaais* fhe 
two eolwisas fct the rlgfet eontaln tin® relstlwd ii»oiiixts of pb0«» 
phrnt# wpfc&k# gad fi#Ms of pbo-sphogljcsrlc 
Tabl# i is st»ll»i' «x««pt ..igatas&eaiaa w&m 
Sxp«rim«at @1, falsi® 5, shows a jleld any lij{ir©s#R 
aeeeptor ppestufe Cfl&slc !)• leetjlaefciiyleaFfeiaol and laetie 
aeld apparently tlsj not aet as aeeeptors to amf apprecl&bl® 
as flasks 5 and 6 Bhm yield® mvj llttl# l}«tt®2P tlmn tlie e®a* 
ti»ol« Pi»opa.ld#lif4@' gives a t&iTlj good yield of ph0®piiO£lyc@rie 
ssifi and pyrwie aeid a still hmtt^r «a®» . shows as good 
rmsmltB as does Sow&v&r, ©thtr ®xp®Flia#at8 indl-
eat« th&t pjriivie neM is a a@e®ptoi* than seeteldelijd® 
(©f# expe'rMpnt 69, flask® 1 EUd g}» i-itfe ?«. paitt©s»e®i3a similar 
P0sttlts &r® obtato#cl la fal3l« 6» ®xp©ri»eats 48, 68 ami 68, 
Soffi# pfeosphoglycsrle aeid Is isolmt^d with ao aecepfcor pr®$®iit, 
®xp®]fl3seat 4S, flask 3, tactte meM «ad ae®tjlia0tliylcsrbl»©l 
Again &how p^Bulta eompapaljle with ttm oontr©!, llthenglj «3tp«i»l-
fii . § • §  
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m®ttt 58 Is not .dir©©tlf ecsapayfttil.# with 48, it is that 
Pl^ruvle acM i» a Muefe Isefcter aee«pt©F th&m &e#taiaAfA©# ss 
ao yi«M» as large toftv© 9*®p feesa' ofetaluM wltb tb# lsfct®r» 
Ae@t.aM®la.fds» pjruvic seld ant pfopalfi^byd® mt& la 68g 
and pfmiirie aeid agala sfcows «&rk®fi alsilltf to act as bytirogoa 
aceeptop. 
fbese results tb&t a good tiydrogen aecaptor siioh 
as pjjmvlc acia mmj be sti^atlt«t0d t&r »e«t&M«liyd0 In ©qtaatloa 
Xp and tJiat aO'.ae©«^t©r mt fill is ii®<5#saai»f to^ obtain sa®# pbot* 
plioglyssrie aeii. trom the ppopioalc aeM 
fli© of agJag la abown.iia fabl« 8, ®xp«rtia®3st S®,. 
flaska 1 saci 10, and la falal® >$, 6? awS S@» 1,%« 
aglifig proe®8S eonslst«d cf letting t"fe# oirgaais» ^mmin !» th® 
In' e mv&rmA mntminmr tor oa© or am&r&l days 
©tntrlfugfttioa. It is net J'.mowti whath&r oxiMtim or 6ryl»g 
Cor both) is tb® »or© effectiT© In d«©r@astng Other 
®i;p©i*l';r:0ftt3 on aging Indicste a posslM® r®l«tio» b®tw©©a th« 
rapMttf of &jing &nd. the aBuomat of ®st®2* obtained fro® tb® 
dried prodwet,  
Th® tmt that aging th& baet«fl&l cells .la air aarkedlj 
affeets tte« yisld of acid, suggests fclmt thm effect of aeration 
n&j te# of Interest, lSx©«rli»«t 6S, fabl® 5, show® that witb 
arftbiaospai aeration incremses t'hs yitltS, If nitrogen la passed 
tiiroiagto. tfc® flask ln»t®«d of air, tlie yl^ld Is Bmoli less tbaa in 
tli« e^erafctd flasks^ aoaewbat l®se ttiaa tli® eontrols. It i® 
possible thMt tfe® oxygen, of tli@ air acts to ®oii® txtent aa a 
sce$pt©r, tUm tmTmslng jisMs m&n when tbe .flaakt 
are Bi©r@l7 Bh&lien i'Tem tir:,;© to tlB« Ir tb® pr®@®n©©' of air as ia 
tli« isoraal pi«c»e#iiai»®, • 
It m&j b® ol3j0©ted tli&t the tsolati^a of •phQspixogljmriQ 
acM la the pf»«s®ne© of two sueli peltoas m SaF an,a toliiena d®#» 
mt prw® th&t th±» is so. ia mimB.1 aitslaiXa* 
tlo3i» Tmhle B, ^ xpmimut if Bh.m& mm® yltlds of phosphogijetrle 
add vhmn was mot- ' In flask 3t «il?lorofors wai 
f©r toiwea® aad a sligM iiiei»#aa@ in yl®M r®#ult«d# 
In 4, 5 and 6 tol««n# *6S oaitt®# sad the cen©®atralioa of 
soiltim fluerld®^ varied* .. It 1« -wMeat fch&t tolwa# Is aet mm» 
QBmrj to isolat® tti« ©st®!*, bmt tb«t mither ifc ©r ft Ilk® 
aia# la obtaining good yl®l€t# Fl^sfe T sliows that » 8»a.ll awimfit; 
of pMsptioglf«@rio acl4 mm hm is©lat®€ witli tm hut wltla 
t©3.«®as present* It Ms aot toten pessilfl® mt tto® pwmmnt tls# 
to isol&t® &nf la tlit ab®®a©® oi botb tolm#a# anA laF 
QT biffi i lar stibstltut©®* 
It may Ij® ©xp®@t®€ fcbat tb© of ptonsphat# iiptak# will 
eomssponfi trltb the yl#ld &t plKsspli^glycerl® acid# If ©qwafcion 
1 tak®s plaea there will to# an t»«t cew«l&tloii l5fitw®#ii 
i»hospte«t« uptak® sad yield ©f ®st®p» Whm the statistical «©?* 
ml&tlQU Is comgwt«4 Cof* f«lls.0« sud SmM®eoi*# U^l)t it is fotawd 
ttmfe F * 0«61 tb® e0ffiblntd data of fabltt & aai i» i» tfe# 
8lfalfi©aiit {1 pm mnt) v«.la» fm 4§ i#gr®®8 of is 0»3f 
til®!'® is no tbat tb© fisMs of pls&i»pfe0glye@rie m«M #o 
isarf^spoad in toa« m&Murm wltfc th9 pliospbste mptmk©# Mowmmrf 
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mrtmin 4ata «lo tmt eorrfil&iieja, B.nd tla«-r® 
srs smaf inditltosl e«.@»g itrg# phosphatt ttptak® l#aa,s 
t-© ao- aeld, Sliy is the. ©Qi»r@!lation not hifjiiwf 
In all &nc slailaip ®x,f#riiB®ats It Is aotewortlij tbitt 
tb®re is usiiallj a good dtal asr© pbdsplaat® 0st«s»l.fi©i th&n Is 
mmimtmA tor In fcht plio0p!io«lfc#pis acid f©?iiai. If all thm • 
iii.oi»gafilc pl«2>tpb.at® afid.«4 wers ©stwifleS, tli# talu® of tfe# p®» 
latiird phoapisate uptal:# would b# aboirt 11*§* In aMitioa to 
tb.® ptiosohat# hxittm it is tsaislbls to to&Te mnQi&m&hl-B pli.©@«» 
phat# r®l©»8M fmm. th# h&x©m sst®F'aM®4 mt th® b»gl»nliig,| 
mataalag tliat th® oylglnml hexo^etipfeospliat© aets oplf 
as $. estalysfc,,, tfef; total iae-rgafile pM'#pbat# i» tlias# #xp©j»im«iits 
stootil# proltie# &hQn% B&Q a^t-# of pho^pboglyotrle s.cl#t 
for aa^li. unit of pliospliat© iitlll«#€# la •xp«ria®nt §9, foi? la-
stam©®, tlieF# is mon^ -phmphMktn uptake in 4^ i an.A f to b« 
#qttlfis.l®nt te'260 mg®, of tst#F laste&a, ©f 3S| 15 of» i lagm* flifs 
mmm pfeenpfaat© is prtsinaafelf fcttla se a fe.#»s® or trios# mt^r, 
ppohsihlj «, preeiarscsr of p!3.ospiioglfe©i*ie aoli* Ivid®nc« that 
lai;#ra#<3l&t« pl*to#|)liate ©st^rs m&j 13# pe^smt le -Ivem in Tmtol# 5, 
experiiaojit; ?4» tiie fl&tk# w«r« all eMllM at fcli® enii of tli« 5#5 
hour • latuMtioa -p#rlod, %« g was werksd %ip iaasdifitelff 3 and 
4 wers stored at lO^'C. for 2 and 17 day® r®»p@®tiv®ly and tli«a -
worked wp,# •ftic-y# is a Marked laereaae -of from B to S s»d 
soM® Inoresa© ©a loag©r staadlnis, frofeablj ios# 
pbospfc&l;® 0st«i» la h&lng slmtlf transto pfeoapfeegljesrl© 
field' ®ve» at tbls low' teffipcratiaf®* 
Tl3®-3?® la also ©vldenea tMt thm Infcepattdlst# plioaphat# 
«gt©i»s m.f cie|iiofipli©rflat@ witiiotit jlelsSiiif: pfeospboglyewle 
bcM# W'or mxsmpXe In Table J, ®x;p©r2M®at 4f Cwltte Amrohmtrnw 
ladol0g.»at®l iliows s lo»S|-la pliospbet;# mptak© dmriiig tli# s«eoiad 
pfii»lod- of 6,3 msM* f/wli fMs loss of O'rgsnie pb@sptsat« Is ©oaj* 
m>n torlfig pr©l®iig®d mas aad, »y b« aeeemt#^ for hf tfc# dlr®et 
bjdrolysis ci* hexosm «st«rs to fre# ii#xe!S®i, hj dissiailstlon of 
pfe0S|)lioglj0«ric acid iii |)r#i»n.6# ^ , oy hj WmAdmn of 
lutt©mediafc# *!& ®cw$ path tlimm that of pliotplioglj* 
e#yle aeii, ffa® Mildimg up amd -siibftqmaaU brstMown of plios* 
pbate mtms othsF tbte pli©aphoglje#3rle aei4 Sjitrod«e®s ©nowgli 
•raflatloa In tlie pliospfemt;® uptak® to firJtplaia wfaf tk® correlation 
i® no lilf^ey. Also exp®rlsi®at«l dlffleMltles la obfealnlag th@ 
e^tmp s&f iafluane© wwlstles c'oasid#fably» 
'fwo tjplesl B®aife®rs of tlie eoloa-aeregtaea gpomp w#i»® eljosen 
f©r lndQlQg:®a®» C-£3B) &aA E»cliQi;»ieM&. mil (1^6) • 
For IsolstidB of p-li©tpb©f;lye®rie acid frtm glue©®# -asiag tliea# 
©rgaais»s, fcfe® pi»oa#iift2»« wft» tlail&p to that nm^ for P. 
•. ffe0 QTgmmi»ms wsr# gro«Si la m mmdivm em&lBtlng of glu* 
oosa, O.S per mnt$ p&ptom^ 0»s p#i' e#Bt &md 0,i p®i* cent,. 
4» iaig|.Qg#a#i was incub-atsd at» 30®e» and asi»et@d« fh« orgaafwas 
w0r« 0«»3s.ti»ifwg®€ aft#p 3@ fco 49 h.smi»s» Tli« etiltiir«s of £.> eoli 
war# a#tifcFallg#i two or thrm timss mdtli IrOI at IS tiowr lutsrwla 
hut a®t s©i*at®d> lueti'battd at tad emntrltug^^ e,ft®r 48 t© 
fam# fp, m mmQmm fiospmti. 
I, ' '""" •• i '" V'''*''s t  J 
ts:^t:,,s , qfgmia® vmMm. , $ 
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# iOFfeeted .foF Sllal;i#» ©eewpfii^ miititloa of 
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60 hotsr®. I'fe© asioimts of i^eaetaats w«i»® bassd an abottt 15 te 
20 gsi» of ff®3h edll pa8t#| glmees# and pliostfhate 'biaffftr CpH 
6,3) tmr® added in tb.& proportions «s®d im ©xp^finteat XI, fh® 
mixtwes «w@ iseuljafcsd at S?®| tlie first period 
mftmr s liotii?® am the seeond was easapltt® 1b 3*6 homrs* febl# 
? shows til® plioapli-at0 tiptakes tQT ©xp©x»lffleat8'4t and 54 • ffe® 
fields of pfeosptisglfeerie set# 0,2§f and O^ttf g»» F«spae# 
f©r &»d lot »!• of ^olnttoa# i%« phospliat# mptsk© wa# 
much less fot* t, iadgtlegen#® than wltlx. 1. eoli f9% a graafeei*' 
fl#14 of ester was ot3t&lfi«d» 
A amim of ®xp®ipla®fits slrilar to thm® with Pyoplonl* 
b&efcayium wa» eerrisd oat oa tli® effsets ©f fa^ioiss s©©®pt0i»st 
aglag a»€. a#fation, fable 8# ©xpwiaeat ig, sb©w® that aeetald#* 
liyd« Is mmmmmrj tor Isolation ©f pli©ipboglf©«rlo aeti iritte. 
km Th% asm# «xp®Pia«at, ms w«ll as Btinb®? 6i, 
Indieates that toliieae mn b® omittsa and a s»ftll lUEOwnt of 
mid isol»t«d» Flasks 2 and S &t &8 Bhow tfeat to2.*«$n« mmj to® 
i»®plae®€ bj or ©hlopofom with so®® lBer»m«# In 
A mmp&rison of kjdrogen e-eeept©!*® I® pf0»®«t;®S im 
83» Pyymiri© aeid proves to ije » gmS tifdrogm &oe®ptoFj prepaid®-
fcyd# is f&lr ami mmtjlmethjlmrhiml is ©%®®ll0at» It is pos«l'«» 
bl® that tbe ¥alii© for ae®tal<i®hji® is a llttl# low, .for 
results with, tbls org&nltB h.M-w& placed it mt ImM ©a a par wltti 
pfrwi® aeld# I..,, egl.1# fatol® 9, experlaeat 91, 'aliowa onlj acetyl-
a©tl3,fleiii''bii»l to a-ttrpass fli® oth«ipa mr& no b@tfc®F 
tfeaa tbe eontrol. 1« celi eoasistontlj gl¥«s fairly good fields 
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of @st®r *lth ao aided fey«ir©g@is ®.0e®ptof present • is of 
int«i»-0st t© mot® that with; tli« proploalc aeld baetepla 
aeld is a mmptov tbam ae®t:mli#iiyd« ©ad 
mphinoX l« mm€h wMl«' with the mXQti»&&TQg&ms OFg&nisa# 
tts.® sittiatl©Q la to somt sxtent F«*«Fs®d« 
fli« mitmt of agtng is uhmn ia fafel© 8,^ ®xp«ria:;#iRt 90 
an# In f&bl© f#' «xp«rl»wiit iS# l-ppai?«ntlf s-glmg do«a not mat 
domm with Em. ooli m m&rk^&lj m vl%h tls.« QTgmmim® 
atttd-ied# effsets ef awatioa aafi towtofeliiag of iilfcrog®n ar® 
hj «xp»l®erits fg, 94- ami. SS+ It 0®©»s th&t sgltatlon wlfcfe 
air tmmvLW&%lf liwi»«es©s fch® yiisMi |jow#v®i' sglfcatlon «ltli iiltre<» 
,g#a .»lso .fiOfms ffior® pr-o^met t&am thm eoat^ol* thm% are prob* 
ablj two #ffeet# liar®^ agltatioa sitci pr&smm of Qxjgm« fihma 
Aiu ia liii.l)tels4 tiii*©tigfe the tooth effects sr@ la evlienes, 
niteGg®ft.is ptiss®a ttiroBgh, tb.# lasreasiid aaei^tit of agltif 
tloa Is More tfe&n mwmt^ to aafe® f®i* the oe9«.sJ:'b»®il sMkimg 
Cla tfe© ©f Air) that tto.^ eontyols ' 
phGBpha.%% tip%&k#s in. «x|jaFi»i0iits agala show a 
eofr®lattoa witb fcfee yi«iMs of phospfeoglyeerio aelA| ""r** ©qwmls 
0t:.6S' f©r tfe® 37 results lu 8 &nA 9* fti® sig^aifi&aat 
Cl per e#at]! wslue for SS d®gF®«s ef frdtdom la 0,42 {Wallae® tod 
Sn«dee®r» 1031# p» Sg|» Is & t«ad®aej for less phoapliat® 
uptak© with orgmaisas feliaa with, ths pfoplonie acid baet®i»ia, 
fliP## mlU;is3^'in 8 ar® negstiir«# ladleatlag ttsi-fc ia* 
oFganie plaosplmt® was precipitated at the of ths ©*p®rias®iit 
to aoeouttt f©r mme of th# oFlgloal ii®xos«ilplio»pfeat® in afiditioa 
•»SB» 
to all of til# phQsphate as bwffeF# 
In order to d#t«ralii® wii#th®r ptiosplioglfoeFle ®eli Ig 
g@n,©rally pTMmmt la baet#rial gltieolysia, ®xp«ri»«ts war® p®p* 
forai6d with Bm&veX femcterial sp«-©l«s. • fh# ebole# was 
t© ©fgaiiltms that WW® r«&4lilf availsfel© ascl lould, giv® 
good growth In an *ppropriat« teeth etiltw®,* fhe cells w®i»« 
e«nti'if-ttg®d ,tTGm tfee a«dl«a as ae&r tli« ®M of tli® log growfcJa 
plias# a.s possible, and w-sed l;CT'!@dtat®ly* 
In tbd em®® #xp#Fi»®nt 
S9 wag o.'ai»Ft6d «ttt tisiag glticoi® ofilf # §•© of ©©11 past® _ 
were  la lx td  wi%fc .  8  »1# g incoso, .  10  ml *  p l i©»p i ia t«  bu f fe r  {pH 6»8)»  
aM 0,2 ml# MgSlj|«, 1ft«i» 3»5 feoups ijQ€iaMtio» &t 37®C», 2 ml* 
of 0»2 1 I-aF and 8 #,4 »!• of g per cent w©r® adilsi 
and Biixt'ur© s«s incitbattci, for f heiirs longer# 10 a@», of 
phosghoglfewl® eeW w®i*# ol3t&ln«d# Tli« pliespliftt© tipt&kes ar® 
glir@» Is fsbl® • It is fcfcat alttooiagto. It la posslbl# 
to obtain pfaoephoglfcfirle aell frsm hm wwj wich 
1©M i« f0irs»4 tban wltli stasia orgmaisme as Baoli»yigtiiii. .eoli 
gyoidiofiil&efcegiwi. 
As b#fOFe, most of fcfe.# txptrlaeuts oa Isolation of phospbo* 
glyearle acid if«r@ sarrlM ant hj tto,® oietliod of ?«re®llom© and 
iiawberg, followfai:: tlis ©xarrrpl® dsserib©# imfier ststloii fia® , 
of incttbatlon Cat 37*C;), »!» af 0«t 1 SaF, and »1, of 2 per e«iit 
ae@fcal!l<@by€« are ahown Tatol® 10 tts well as rtlaiiv© pfeo#* 
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piiat# iiptElcea mS. jlolAs of scld, t'ti© rsstilt# show tliat ph©®* 
pli©gljs«rle aeid ii&g bt#a IfolstM .froa. »yii#ge#ng,<. 
iifectomisllltta seatojfeeatlcia«..« slaafergw. sftnllims 
sumills. am>tqmet®g, wa^ • 8fey#sfeqeofeeiis mrmitr®*" 
iTQyoms-* Ot ,th#s© B« .aulitilii «M .S*. »r.g##e«»g 
pboiplioglfeerlc ateM quit® . fh# l&etle-seid. ©rganlaiat 
a»d S» aagaeltrdvegcma g&^® »©r® difft&f . tb® itol&tioii# 
A* fielded Jt3,st a tFae«* Ctetlf &-f®« ©xpariwuits w«re 
performed ami It is pmhm^tw tto-ftt frnwrstol# emdllioii» 
m^l& 1)9 fouiKi U:-'4@r wtiiel. »re of- tli# mBter would b« 
l®r® agftlii is «irlfi®irie# ot pli@«plaoi?xlstis® taking pla@«| 
liowsveF, • is a© g©oS. eerrslatioa b0tw®«ii ptoeaphat# mptaicts 
•* 
and yi#li,s» 
Tli® imlj ©rgwiim tfeat f-ailtd field mj 
aeid t-gf#Fal #xf«riii@ats wm Clostgiaitiffi tetylismi. fH.#®® 
0i»ganl«« ltiootilat«ii ia Iwg# flasiss iia4»i» 8(«i»-ana®yo&ie 
©oadltid-aSf iuett'bs.ted at 40®e« for IS to i© tioiars, miifi i»«aj0ve4 
hj ©©nfcrifiagatioR. A of aiff#reat ©xp#flffl0fifc§ w®f» 
p©i»fora«fi bst®4 ©a tfe© txeeple glfea «fid«r l#tbMs, »©«tioa 4. 
•fabl# 11 thm wmri&tlom is proeedw©* H aheiald to® 
rm&Tk^k that la two of tli® flaals sftsi* l©ag »taa€l»g (20 tlaja) 
with ethyl aleoliol & few cryst-als of pho&phogljmwla acid did 
appeari, fMs produetloa wms so small how^vdF, sad a© m'tteh at 
varlftno® witli F#stil.ts -asiag ofch«s* mg&nisam th&t It eaaadt b® 
ceasid^di. a p©stti¥© yl#ld» a large sasouttt of & y©ll0® pr®» 
eipit&t© ©sa# down, oii asatitlon of ac«t,te «cM. fti.is pr®elplt«t® 
fs iboiafe fi&sfbotllxebfiie AGW ?ir® 
fiat ii.ee%aM«iSsfiSiif#isi«l 
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til® pi»6t3-\act ©bt»ln©d at tfe« s«® points la tb® 
proem&uip& with, jmsti, It has b®«n d@slgiMt©d m ' preelpita-t© B$ 
althomgto. It is o.ot tSaat th» two ai*« td«ntl$ml» 
som® p®lmfclonaMp ©xiits ^©twees tbl® prmipitrnt® B 
and • ph0»ph«,t« uptake# fh# statiatieal eorr#latloii, r « 0,@4 
in @igiilfi©a»fc (1 per mnt) for tMs aual>#r of oliasipwtiofis* 
An attdspt to hydrolfsi® tii® umkmwn eompomcl wltli cSlliit© ICl 
gme v#Ff lltfcl® pfe0#pli©^i^ meldf howmmr, it i® cpitt posslbl# 
that w® w@ demliRg with a kiySrelygabl# 'phosph&t^ 
«ttw» I t  'Isi  la. l5-®j*#ati i ig that  with Cl», tomtyllcws* whtcU fi®l&9 
no pli©sphoglfe«rls iteidi, preeipifcat® B eori!'«3..ate«s Aivmtlj with 
plio3.pfeatd upt&kM$ *till# witli jm»% w'ti^h jImMs feb® aolS 3?@a^llyjp. 
B e0rr®lat#3 imm'mlj with pho&ph&te uptake, fMs preelpltat® 
1.S pr®s©iifc wltli ©tb«r brnt usuaIIj is v^rj saall amomts# 
w«® not 9mugk to ^ ttmpt a e©Ff«lation with lAosphat® 
upt&k® or a©M obt«tiii«4» 
If * , , DISCUSSIQI Mii COieOTSlOIS 
fli© ofe|«©t of tlj« JnTestlgafeloa with y#ast was not marelj 
to obtain l6Pg® Aaemts of pliosplioglfeefie aeM, bwt t& 
amm- of tb^ eoadltlons that i53.gM Its f©»a.tloa i» ^a©t» 
ariel f©omentatl©a, A fw of tb©i# faetsra 4®%0i«ia«d an# 
the r#lati©asts.lps »xi®tiis,g amsag and sodlm 
fltierld® bftf-a alresay b#«a €l8om®«fi€# -it is wlfieat tMat tli# 
same s»®l.ations fotiud ispertant In, t&© pFedtietloii of pbosplioglf-' 
eafle a,oid hy jmst &pplj to it® tmwsmtimk hj hmtmri%, tlthoiigfe 
eoadltioms m&j a^« flDialtleaa siaiiy ftttltidnal 
vml&hlmM ^ieh effset tiie fi©M by j®ast.,# S«© of tlses« 
tampspattjf®! pi, agitstioaj^ aging# m& fcb® eftmt ©f snoh 
sttbtt&a-ees as omlat®, eitrate,, sfwS. 
fh« r®latiOE®h.ip» &mng jimM ©f phoBphoglfemiQ &cM, 
piiosp.feat® npfcftk# and prmlpit&t^ B mnM mov9 iiasilj inter* 
pi»®t#d if tJi® of B w«f«® kii©mi., fli© pi»®elpltat« oeeurs 
in awfrieleatlj- larg# qmatltl#® to imirnta fch&t It mlms 
0l;.:.liei» frcm glttcos«, fro® ae®ti.l<i#lifd© or jtroa li^ xotsaipliospbmfc#. 
lxp«yl»at,&l work oa jmnt not pptsented here sliows tliafc 
added iia:£0«#dipfe0»pfeat« aoi» i« ii©e©«ai»rf for fch# 
forJsatloB of B, Tls«F@fo^«i it pwoh&hlj originates f>« gliieos®# 
Mhmn aoetaldelifcJ# is ©a.lfct»€, oi» Is pp®s®at In saall qmaatltt## 
oalj, tb® aiaomufc of 8 xistially is large, «®d tls® jieia, of phos* 
plioglya®i»i© eeid salt t#iits fe© hm small* If t©3.iie«# Is 
••SS* 
phoaplaat© yptak®, pr® dpi tat® B# and yield of ®st«r are almost 
n@gliglbl«. fli© inv&TBe eorr^l&tlon b«tw@©ti. th® quantity of 
preclpltat® B forwtd and phosphate laptak® lndle«tt©s that th® for* 
mar Is not s plioaphorylated compound. However, tb©r® is watiiilly 
a great deal more phosptomt® @at©rlfl©d than mn be aoeowntecl 
for by 'h© yisM of pboapfeegl.yeerlc &eia» A® B also mrr&l&tm 
Invmrmlj with fell® q-aantity of »st®r produced, tli@ unknown 
prdolpitate »ay b« a pwemxrmr of p!iosphoglfc»rl0 aoM, Fwrthtr 
©vMene# for,this supposition la given, by th® laoreased yl#M8 
of B that ar® obt&lat^a when Is omitttd, fh# in* 
er#as# could h@ explained by aasml&g. that &n intsristdlat® trlose 
is not oxMlz@d to pbospliogljcerio acid (bsoaias® no Ac®tald«hjd@ 
1® pr®s®nt) and th«r©for» at&bllizes m pr#eipitat© B* 
The problem is of further lnt#reat wh«R the results with 
tb® biatjl aleohol feraentatioa fere compared' with thos© of |-«®8tt 
With, moat bseterla th© yields of preeipitat® B w®r© too smiill 
to Id® sigalfle&ot, and no aecwat© oorr'elation co«M b@ ®ad# 
wltli phoaphat® «Dt»ka or yield of astar, Eommer Cloatridltja 
butyllcaia, the ofilj c>rg«nls» whlcli did not form pbosphogljcerlc 
ftcld, did prodwee larg# esottiits of B, Also the quantities formed 
correlet# ^lr«cfcly wJtfe pbospbafce liptRks, Just th® reir#rs@ of th® 
situation, with y®ast., A»mmlng that th© precipitate obtmlned 
froBi Cl> b^t^llgtiai is th® smsm m tte&t froa ytast. It la poasltol® 
that thtt Imettrl* c3o not bsv# th# enifiaes n®c@ssary to oxldi^® an 
lnt©r»®diat® ©star to pbospboglye®rie told, and preelpltat© B 
res-ults, toother possibility la tbst tfesr® ar© two isech.an.lsi»s 
•89* 
©f glueolfsis ia f©asti suthed ©n®,, via phsaptooglfe^ie meli, 
and -few©* Preeipttate S BSf I10 a m^oms^ or isfcsl3illg&» 
tion.pfodwct fro® ffi#tb©a two* As Cl« Mt-yii^nni appswntly do## 
a©t prodne© pli©«piioglf«i®rle acid the e©»iiitloti.§ ©mployeait, 
gliieolyiis ta&es plae# Ijf aetliOS two &M themiQwe F«smli;t ia 
l&rg® of B e©yi»elatiag vitli plaespbftt© wptfi.k## 
I'll# Identity aM fMnctloii of this •orfcsowii pr«eipit&t« 
should b® sttidlef! furtbdr# It is dlffleiilt to w&ali fre,© 6f 
dxtraadQms sates'lal sad dries to a glu«<»lik# mass# Attempts to 
hySrolyi® it weir© la©©s©lus£f# p4i»tly hrnmnm of tli® Mttimltf 
of •sasMng out tb® rtslclMial laorgaiiS.e'pl'iOspfcAt®# 
ffee ftttesist to Isolate piiespliesglfe®s»le fi*om tli# ¥»• 
ioiii' Of'ganisas with tuee#®® ®xe©pt in tlis e»s« of 
Gl« hu^'gllexm-M It it is &s®«a#d thm fl&MB ^ of e®fe#i» pT&» 
du0©l ai»@ indicfttlf® of ifcs ms9 or -reloeltf" of fo»8tioa ia 
aoi»l f©»©rifc»ti0»# fclien fcli# aelfi is fo»M re&tlilf hf lamh&rB 
bagligpiebia* a#i»ebagt#y > aad i&.eillttit ,• ife 
is fomad wltli dlffIctilfcj by mmh&r'B of l^.et,0bm€!tllms.' and Bueh 
sp®ei#t as Btysstoeoieeua p&yaeitroYerotig* Aaototeaetag fiaalaiMtii 
amfi Cwitii great difflemltj ov ftot »t all) Sl« iMtylietat. 2f 
mist two or aer® general seehaaisffis of gltj coif sis, tfo@ 
orgaaitas of tke first ftro'a.p m&j bf#sk down gliieoae ohleflj via 
pJiasph^glyeerld aoii, wMle tti,« »eiab#F« of greiip tfio mmf tis® 
s:.iotlii®r pafch of Ais^isallati©!!, slfcfeoiigfc sosetlai®# rataliiiag tli© 
ability t0 tovm ,plio»pli0glfc©rlc aeid* t® not int^ndel to 
s-»g,g®st Ml*# a di^iai©m of baet^fls into tw© groups| feowevtr ia 
•90» 
this eonnsetlcn so®® F®siilfcs ©a tlit isolation of oethjlglfoxal 
Bre of intarasfc# «»oimta of a©ti3jlglyox®l bRf® 'b@&n lso« 
lat«d ffoa l^aetobactlltis dtlbrgctelt bf Mmhmg and lofe»l (1929^), 
tislng orgttiiisffis arl#<J bf ©tb®?' anfl alcohol. Pafct ana llynis« (1932) 
lia¥® obtain®^ a®tliflglfox«l, psadilj with CI» ftgatoMt?! 1 o^ja fro® 
Ig btjtosMlpboaphafci! btaffsred at pH 6»0» • Tbis solution ihoul^ 
b@ siafflc!#iitlf acldld to pr@¥®at th« cbsaical eo»¥«r®lott of a 
trios© to »«tbflgljox®l, How©f«r> thes® same mitbors C193S) h&d 
dlfflenltf la olbtalalttg trse®® of laethylglyoxal from proploulo 
aeld bacteria. A sasll amomit of »#tb|*lglfoxal has also b#«n 
isolated, ,\is tog 1. eoli. bj Fi?oaag«ot(19t9) from Ig Bexosedlphos* 
ph®.te>^ Mt no buffer sms used nor tb# pH of his ffi®dii3W iiv0n» 
From th#s« atudlds It appears that orgaalsias wbteh form 
pliosplioglyceric aeld reafiili' wi&f in., 8om@ aaass gl¥© oaly tracts 
of m0tb.ylglfoxal, whll® thos© which for»s th« «at«r with aifficialty 
m»f produce nietbflglfoxml with r«letlv« ©as®, Of.coiirse tber® 
»r® some orgaaiam® sucli' as yeast aacl psrfcmps E. goli which can 
pro&nm considara'bl® quantities of either ooapotm<l» This prob­
lem aaj be intimet^lj' relattd to fundftaantel differancta in glu* 
oolfsis of bsot©ri«» and iri«rits farther r«s®arc!h. 
f!-# fact fchst tb® an&erobi© Cl.«. butfliggm did not form phos-
pfcogl|-o«r!e aoldf that tb® s#©i*»sfia®robl0. lactic acid Materia, 
yielded th® eater with diffiemltyi and that ®\ich faowltati^# 
orgsni®ffi« «a A. lf|j9Qlogeii«a mn& g«. .eoli prodwosi larg® Quantities 
Mats at a connsetioa toetw@a» th® phosphoglyoeric acid meebaaisa 
and aerobic ffiatabolita# Th® possibility la :f^.jrth®r supported hj 
tii© b@ttefleiel ©ffeet tliat. a»atioa 0x«i»ts on yields of ttia e.eM, 
wfeartat, in soa,« mma. &t leas-t j, • tli© pressne# of nitrog^s' 
of aif a©er#®s©d the ffe.# ©ffeet of &siM$ eowld also b® 
t&lcen as as liidla,atlofi fclmit th# eoiie«Fa#d i« 
senslUv# vt© Iwef^r# 0©f»tsia of prmmiiisA , 
iiidiemt-«, fc.&e for sx«pl## th& prdpiomie seld l>aefc®ria 
prodij.®d. r®lfetl¥#lj las*ge qaaatitt#® @f plioapfesglfeerie aeld 
tda# fco b# • slB'dlmr to til® lacfcie meifi Me-t®ria laifpfsr &s mnatro-
biosl® is • ©©rie®?a«d« Also th& v&rj stromg AgQt^lifegiter • 
viBelea-git« stio*®' oal:f a tr&m of ester in the aiagl® tibial ••g©3p* 
fo»i.ed»;.,. E;^ia#ne# for wmwe fciiaa a©i*© 3p#e«latioa Is uot awil-
abl® af tbi»,tis©# .It would b# ns^msmrj to stmdf fclit ©ptiwtl . 
eottditionS;' fcir yield, with. ®mh or$mim eoneeFm@d any 
accmrat® eosparisoa ©ouM. fc© mad®, 
aa«i others {ef# S««b@i»g sad Kisto®!* 1934) he.v® ob* 
J^eted that tbs isolatien of a e«Bp©md In fcbe presanc® of laF, 
a .hydrogen; aecaptos* J and tolmefi© d.o«8 not sfeew It to t?.@ an inter* 
®©aisi»y* pbospfe,oglf©epie scld tiss feeea isolated wlfeh 
mob. of these o».'tt@«l|. soa© inhibitor or m&g&mt to to-», 
lu@a® s©®aia to neessasry* ifc Is peasoaabl© to suppoat tfest 
tlx® iat©'i»®.iia.pt#s of gtoeolysi® mre hr^k&n dows m rapidly 
aop# r&piily tlisn th«j ar# fom©<i| tb.«.r«f©r«® t© emam &» aeemm* 
latlon of one or mom au^stane#s it is n^eeaawy fc© 
block til® nor»ftl. ehmla of r#a©tl©jis In mm@ way# Sodita® fluoria#, 
mqMuw. oxalate# t toln©!!.#, chlorofopii, ©te» sai^v# t-hia pufpog® «.it4 
will haw to t>@ «sM for isolatioa of liit;si*a®<ai&te» watll #tb©ip 
metliods &r® fomnd# 
•*92» 
^he of tolisen® is oa© that »©rits further at;iidf» 
lliy dots it so m&rk&Alf Incrmm tb# fl@ld of pfaespfeeglj-esrle 
acidf leubtFg «xpiala« Its eetion ss that of s e#ll* 
plmsMolfEiag Agent t© aid is, the ralsase of ®BEymifS» ' Howef#!*, 
tb«r© is evldene® tbmfc tolue»s affeets tli© resetlotts In son© 
way* In sauj ef tb© studies wli@r# tol\»iie w»s oiaJttefi, a eoa* 
wolutlom of eartepB. iloxid# aad inereas® of aetdltj 
were in" the pi*@s#no# of flworld# supposedly siiffi* 
oitet t© mum aeeumnl&fcloii ©f 'pliesplioglfe#rl© acid# it ia 
pr-obatol® tli&t telmen© *&s Inbtbitliig aoae alfc«i'»at# path of 
gltteoljsls' or ®ls© feeXpiag; to prmvmt br©aMera of tb« d«sii»dd 
©8t©f»» ¥irtafi®a aad il92B) mimd that if tolwa® was 
add«A te ttie of hmt&hmlllns ea.,a#i thm prodwetioE 
of aci^ wm v#i»f inmeli, iafelUited# Bmt If to3.n®a® mm aM©a te 
Ito.# driM o#lls tb# ftloolfcy Qf f«ra#ntttioiit tMmgii lets tbsMi 
with ll¥iag cells., was not »efe 6ff«et®a, Wltla pr®s®»t 
only tlftf p#r «-®mt of tbe glia,c©8« fet fii©0©«,ii,t«€ f©? as 
lactic aeid| tUs »«tbora b®li»ire4 tlnafc fclie r@sftiiid®p was eo,n¥©Ft#d 
to a stsbl® non»r©#i30la,g phd#.ph*te ester# llifls® obserTatiom® 
ar« eaoiigfc to Indicate tiiat tlis aetloii of toli2«a« is not a simple 
one, aac3 tliafc it apparently eausst aeetaailatloii of pbospimt® 
«st©i*s# 
In o-rder to sliow fchst a mmpovmd is mi ittteratdlai-'y it Is 
n®e®s®ai'y &t least to i@olat© it irm. th& f»©aeticni In qumttom 
anil show its ttt ill tat ion hj tlit aaja» sfsfc©«# Thm piarpoa® 0f tliis 
irivasfclgatton w&b to cleter-'via® -whetfeer or not plioapheglje@i?l@ acid 
-9S-
o0«ta»p«S in Metsfial glueolysi®# .ffe® next at«p In the stticly of 
pliospliogljetrtc aeid ia glmcolyslt s!iouM. to® tii® dis» 
of tlilfi ®st«i» l>y imrtotit or-g&aiisaa, 
fli© faet that phospfeogljeei^le tx&M Ims b««ii isol&tad; wltfc. 
all but om &i tli# sp#cl®f is afiefiiat® proof tlifit many. 
poss##® th# «ii»ya» ®«elsjii8a for it® fo^aatim,, Th& 
faet tfemt t.&« ®tter Ms lsol.&%#d in peXBtlvely large qweati-
tlea ted nn&m a «ifl0 mpl®tj of coniitlen# ts m-Mmim tMt It 
may fe© sm iatewddlary ia 'brntmrlml gluoolysls, ffe# work pr®-* 
s©nt@d glv«s it pre«e4#m« over mmthjlgljoxmX m an intrnw^ 
m#!llapy foy .§«. '^eoli. A,.*... tm^ol.egest# aaS tim pwplcml© seli. bae» 
teria at l^ast# ffees® flnilmgs, -©dBtototS with t;h® suss of mM* 
m.m p3*(©»etifc®d bf M#y«rli©f asad otlsars f©!* tli© pli©»pls0glf0ti'l$ 
moid ia®eliafil8s la jm&t and at reeoaslfiswfcidm 
of m0#t bs.@t®risl f©»itntatiea sehm&eM, timm basM 
on Estteylgljexal* 
•94«. 
smmmi 
fii# of vs,r£©tis «o.naitieiis oa %li« tommtlm of 
phospfeogljetytc aeM fef f#ast liCTd "fe®«a iiav«stlgftt«id aad tli® te* 
portsnce ©f sm^T&l fseto-rs sn.d tti®lr Inteyastioa® ar« discii»«#d. 
Certain w#r# t<mn^ to sxist maoiig pliospfe^ts iaptfi.1:®, 
jield of pfeosplioglje^rie acM mlt anci fom&tiom of.sm «Bkac«» 
preelpltste. 
?bo®phoglfe®rle #.eit hm l)$«a Isolated ft»0» tfe# tos.etei?lfe3. 
aisslmllatsieii of gltieos# with two 0p@ol^s of PireploiilMetegiim, i 
4®Fofoe^et@r iaaelQia:#a«s. laefe-erieliia ea!.!.* Sfeeillmt SSSiMS* -
»ree8t.»i3-gt meto-fegigilltts icaa. j^ssslffilmss 
plfetfegm* str#pt©go€e» mrmltromwrnM aad asototeitttei' flgelaa* 
3* pliospliogl'jctrie ^oid was set fomed by Qlmtwi^ivm 
mid'&T. tb® eoiiditi©as stMleA. 
4» Th& pr^smm of e.a aM#d fefdrog^a aeoepfcos* or 8©41w 
fltJorMe and tolumne la a©t aaetasai^y for tha ia^ol: ti&n ©f pb©»» 
phoglyo^rie aeid, How#v@Pt @0«© f#ftg@nt Is requlfed te catis# 
aoomulstioc. of tfe® ©sttr, 
5*  I t ' I s  f toss i l s l®  t©  sxAst i ta t© o t l ie r  BySpogea ©eeeptora  
fo-j* ae«fc&ld#fef4# In tb© r«estloiis pQBtnlmt%& hj Umfrnwhot f©i» 
pT&dtmtion. of pliespfeoglyeerle acid* fa¥orabl» eonditioma 
inefeased yields aaj b® o1»t«.iii©d» 
6, Aeration li,as t««a fomfj fco lacreea-e and aglBg of cells 
to cl@ereas« tto.® fomatl-ost of pbospfeogl^-eerie m±& In ijlttiedlfsls# 
79 • I t  I s  tba t  pbospbog lyoer le  ae ld  may be  an  
imt#m®Qiary in feaetsrlfeX glumlfBis mnd that prm&nt s^hemm 
of dlssiffilMtiofi iliomld 'Is# r«eoiisld.@r#4 to iaelM# tliis aster 
and. its ffrmmrsorn. 
file fittthor wishes to express his appre«lRtloa t© 
Bi», C, ii» W:@rkm«n tor helpful advie® anfi s'^ggesfciona glvsn 
during th® eoiars® of th& l.fif«stigatiea» ffesnk^s air® d«® Dr* 
A, !• Brftfidt for III® assistsne# te the stati®tle«l snalyi©@| 
aati fco tb« l&t© Dr. S, Eoelliisip la dta® tli# stitfeo?*® gfetitud® 
for kindly lielp In Mgirailug tliit BtuAjm 
•97"*-
hmmmm sifsp 
intonlahi,. 
1933* • dl# fnwaadlimg <i#r ©ptiseh mfctiirea Phospfe©* 
gly©#Fl»«tw# rnmQh Bfttet#riia» Gtil# ll©#b«p, 
g§7| 5T6-SIT9* ••.nn;r.r,„ 
antoalani, c# • 
1©33*» fto®r d®a Afeteam der l-Gljeerlasttur# ilweli ^  
.|i^^ ibsms s* ,iss 
4n"b®l, !,• -
itg4* Sua? 1® i^taballsm# »l©i»©tel»n. i® I'&sid# pyrwle, 
Iwll, »oe, efeia. bl®l,» Jt gSi-gfit 
Aub®l, 1, aad SiB#», S# 
19M« Si» 1® aii#aiiii»»» d<B la f®M®iitatiost IftctifM## 
Qmm^* rmd^ »oe« toioli, 
aubel, i# .riima siffloa, 1» 
1©3S« dto Mocfeaals*® d#r • lilebsffiayebllfiimg lia 
teskel, Bi©eti«a» .l» 30®*m6* 
Auhmgen, 1, ftM &i^ fc«g©n, f *. 
liM« Uasebaitmg t«r allp©li#li«eb»ii- tnAmrBpmlt* 
usg toreii l®f« in Bil©l3.«iw«gtnimg» II# Bi&* 
2, jgi g4?-»isi, 
belfsbti, s»> cotttftrsi, a, and i# 
lti§, R®s®areli®® ©a tb« pli©spli»t&»#«« 11, Inset 
tion ftad I'ltiietivstioii ©f tte.# ffeospli«taji#s ®f 
aaifflifel S4g-84-S« 
BmnAtf a* 1» 
19S6# F%etoi»l®l '0«sigii# lliipibllsli## »&H«serlpt« 
fa|j«is» gl¥@m hmtQm, tb® aaamAl of tlie 
M®T%mn Smt9tj agpo»©i^» lw.« io» 
'imrtmf Meimellmkg-m B»r# 
€m%m &hm-* Qmrn Il?-Ig4#. 
Bmelm#r, I, aai #• 
1S08« PI® ®htei»eli»s foFglug# b«l A«r alk©lieli«eli«a 
seifsfig# .4«at« §m m 
Smelinsf, I* ».^ »A l®is©i3ai®l»«3Pj| 
li©@, Si« ehmmimMm forgsang®-teti 4«i» »ltob©lls«h»ii-
§#»• jft st©i«»®gia# 
0&ttaa©©, C» iTObsrgt C». 
lfS4« a«r atif mlm lllelisiiw#-* 
• 0,rm§* ll#©ls«a» S# Mil 44i*444» 
bakin, 1. s. nsd mm,«f» «• *• 
'ISin* Aa «n«fw» 6©nt«ra#i wlibii tla« f©w»,tloii ©f 
aelfts f^o« tai%©iai© i# Bi®l* 
.jit %m*im, 
f • ana %gl«tosi, 0, f« 
19S?« Hi® l»cnpg»mt@ pli#«|}iiat® sta4 a Iftteil# f©« of 
mgmia ph0»phB,tm im %fe@ •g®sta?#«a««iu» mi tb# 
, tmg0. it, 
ltgS» di# B®S&tt4;^sg, mm tmm fir 4m Qbmi»mL» 
§>m lm»k#lJtottti»iytetioa mid dm Ahlmt i9wmmt&» 
tirmr i&ttinfias#ii»®feaft®a Ml 9SS* 
WsibA&n, §0, aii4 Bsymmeh^Tf 1*^ 
191^. AA#. IMtmttmf €«r Adtitylsiw# fir til® 
Wmnk&tiwsktimt, 4, litt®ilii3agi Spaltimg ti»i 
ws.'i»t®j»awftofws d«r ii*©»i&kblli,®at»ii smtoat«ais 
ti#i ter %m pliysl©!., W&mskm 179: 
s*, itti€ ermf%, s» 
ItSS* tlb»i* fii® forgteg® to®i t®F ^lytoljK® 
In <S@r Svisimlat.ta»* B.in» leetetelir* Jtl 213.21©, 
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if 
iiiii,' Wbm dJt #x^wSjiiat«, ©11 wr ani Boydt 
^mAm* 
?isk®,/e* h. mmA smfefemrmr,' !» 
ifSt, i* Biol, flawt Mi 
Wr^m&gmtf -  € •  
©i# tsolMmmg mm. leSBylg2,fwa»l«'^m®@SS# 
tiil 4i"r^4?4* • 
a«lf •!«»»«• 
mm» 
clr®b-| »» v, 
1, 
awfi I* 0# 
' Ii3.4.. 
4w^ # dfe^# sy** wi 
hapden, a* 
lfi2» Aieoli@3,le f©»©»%»% i®ii, p» L«ii^®.a®, 
ilir««a 0#«.» %mAm.*. 
fli» TOX# #f glut&thlm® i» »i»el@'gl'tte©1.f«ig* 
rnmhm^ ||i 
lutrait f'tui »tooif«^ sur Is ftmitii'ls&tsioa* Aim# 
®iia* il S@i»4'..Jll S4i-tSf* 
&l« iwls#ktii|jr0dtikt ai» 
k®bi©ll««li«s3i im#te#r«p®ltaag« i.« imf 
m*B§* 
pp0&i©tioa ©f a©«taM@l!^® dwing tii# .aa-
' <ot mlumm bir SfeeilliLg 
«^.a. 0 ii©©fe«b» #* xi s#li mmm^M
ffe.® «ii»y»ss wltieli ar# e©3a®«rii»€ 
of glm06»$- sad waimit#! 'bf B» 
, 'ctws. % ts ia«f. .MvmJWSlP 
mn& Sobissa, !• 
191.4» A mm p&o®isk#ri6 •§%» th@ aid ®f 
fi!ii»t*jm£®# cwfilimiaiii'j not#)* fre#» 01j.«e» 
s©e. 
a, and tmmiji w# 
1005 • fh® @f pliospli®,t«s -em tli» f#««at&tioa 
®f gMe#»« fef frm^ S©®» 
•18f^lil* ^ 
har€#ii, a« -tuil tonag, w» 
10G6» ffe.# altoliolicf of ye&at-Jul®«» Proe» 
»©f, s#e» ||,©iiam)» 40i-4t©, 
sarift®n, a, am l©«agj, s» 
190B» fli# .ifclwlidlle ©f fftrl; III* 
faae%i®s ®f tl»©i|ib«t»s ia tfet f#ra#»tiitl©a 
@f flttCN&wlf frmt. toy# Soe. Cli©a» 
ayanlt »• „i£» 
. 190?. di« syatma® dtr •s^m^mwsmlmhm 
biiitoi^«a la WMiwrnllm.* ig pk^slol* 
folmsobi 1« 1« 
lfS6» ft«#l|f'©#ip#fla#«jpli#jpifi mM aad lJF®iB ai®t®to@ll#m, 
Mimhm^ #• m*4B» 
Mlnfrm'0 a# 
lfSS» li® T3ftkfe#i»i#llta ^^kmwmrgwmm^mt, a?g«teisi® 
utij^dr, a# aijd stimjk, a# f, 
10^6• B# rol A#3? pli®#pbmt.®» toll d# dlssii^latl# «i»i» 
hmm0n» Wmslmg Aks.4i» W«t®uaefei!,pp©a,- la«t#fS« 
lf7-.iai» 
e©s%ft®©ls.«w| s, 
1S12» tb«r AlMMlgimim*. !• Btli-Wg 
a©«t&14«liy4« 'tli«i 4«r alk0li0li®©lt@a'ia®k#rgl&fia®g» 
Zm pbyslol# J[£| 1JI^-14S, 
iff?* Wbrn mteobolgatmag# xii* #1® tin 
fmMkt d«i» «ik@li0il»^«fo iflif®* 
g'«f«»g, S# 16ii 
Euttii»# f # mS. X.i&t#ait®ia# 1#* 
1930, ll©i»6 e-dXcirlm^trie It* IftiBfttieu of 
piiospliofomtt soljbiie liilofia® 
i* bi®l» '§b9m^ 67'1.*8?s»" 
4, 
1911 • Sur le ifl»n£®m« €® la f@»tiitstloii al©©©li^ii®, 
Coapt* r#sd* li5i 1^*1S8« 
ii@b@d©¥, a. sriamoff# !• 
' lilt* tb#i» Am Mmh&nimm.9 4#r sll©li0ll«ete«a Slmmg# 
11« b«i», <§.#«%» 0lx»,- ci-®0# j|i 
i. 
1955# €1® - sfhtto®®# 
pliosfborsisir# te»eb 4:«r ffeeapbofeftne-
• rnmhm. |||i ifl^to. 
Ii41'» €1# -tar flm»»lgi*kal'fe»a d»s 
fl#l®©li@®» Asa# Cl3a»» ,^t Slf-SM* 
mmfeerg,. !.• 
1@ss» il3®f ®*fetoigsftktiffttoip®a« Blmtmrn !• isti llo* 
1S4» 
s, Fyr©'i3li«sflmtfr®kiti0» i» llm«k»l. 
>h&ft®a. |2« 624*«s&, 19g9# Wb'Sr Si# 3T©fli fl lAtw wts0«a«@l 
l0l3mum« 
193§*, ' M« HtdkdfffeiispliQFiltwstst®!? imi iliif® Bedumtmg 
f^r a#n Stoffift©fe«#l &m* B»f® uat il#s Eu«l£®l®, 
«l»j* «!#« »isA ^mp fl«j»® 
C%p®»33.«'i®i.w5# iw@lt® Aufl&gt* f* ISS-lil# 
sta#ta¥ ti«0b#r^ ##»»» 
, 
at# biltwuf tia^ Aut»p$^%mkg fm IPbmphm* 
Im fcsteiiitittr lis Q®§mmm^t rm 
WlmmMit. ^mlm%». Gttmt tm& Ap»«a|iit» tm Bi©-
s. iit.i. Ii#*i88. 
lfe#F 4i« ^«»iseli® ditf &sf®r-
wmt* €#!!»• *sfi 
44S-4ii« 
Bl©«to#ia,- Zt tS?i 
liotemiit £« 
lim. 
I«o}»S£my I* 
19». 
k* 
liss, 
liotemmii e« 
19m» 
ixelmmtm, it »tn& l#3r#ipfe#f|, §» 
19m. ai# »8y8»t't«eli# ir<m plio®pte©«ly* 
~ "• ' ' » B3 ~ • • 
B«itrag MW fiwAaAltiag foa ajrnthtt-
i«e3i#a l«tliflglf©3ial la i. 
»ii. ait*w4, „ 
is.# l©a#j©a®ssigiittip®v®riglflm3ig d«» iileh.*-
im€ d«i» istteylgifoxalas®# 
ife#r dmn. &>mimmw Mv MmsiE«lk©iiti*alc%i©ii, iatw-
Mi 4§t*413.* 
#®ria.«ittr» ma4 ffesspb®f®Sw®# l©®li«a# E» ifii 
i^maagitard, 1# 
•|,is0*4 ¥fife®rto«l«ing«a «fe#p fc»l®lk@iitfakt;i0a«n ©im® 
miMhsBm^mumrng* lioefe«m» 
1S30*. PI# lo^J#t#««S.f®ltep'»«rirkttag, »ttf 41« «ii0|i»aifci#®li® 
2, mqi l^t. 
tofewnk^lawit 0.« and lajsan f« 
liii# fe#r di« ter- ©fewlssbtn 1fes#tsiiiigta iia 
d«i» iteming* i* bilimg lam if&lttaag 
€®r 4i«ii©sla%flpli6«i>fe©f«iwt %m& itmm lusstwisrilifiag 
ait €<ts ?©i»glbig«a d#r Stt^torapalt-as^. lf©elj«a» g» 
mii l4©*lsi* 
i®y«rl3.©f, 
WM« di.f •«»ip*fclsefe® ia lm»» 
ZXm Spalfemg d®r fotjmmhmM% 
mM Mmmm€iphmpimw&U%T®# Bimh&m» i» l.?8i 
4Sg*4fO» 
a®3r®rhqf, 0* 
lis®. Bi@ ©b«al«©li#a ?®rgliig# ia tosk#l* p* 14©»174, 
ilttliua spi*iag#r« btrlla, 
l®y«rh©fi ©• 
ItSS. pro'teets a®d th.@ last stag#® of ear-
lioliyiritt® te@A€©wm ia tli® a®taboli«i ©f 
im€ ia ®le©ii®lie lafeua?# ISgt SS?-
340, S7$»S76. 
0« 
1©ss» fb«i? €i@ latemtaittrvwgte®# fe@i blologiselidii 
&g®ltaai»s® auspafofs-eto.*. 4t 
208»t»,, 
Mofsrkofi m& Ei#s@liiig, 1» 
193s'^# 4®» e0bl(i«4iyfif&feiia»«tt?«®s t» fa»-
IstWEisseBseMtSea JI^S Sii-ig4# 
if33®* fbid*- toa to<1 toa fas&ti &.m? ft^slyeejpia-* 
phos^orsfai*© te«i a®f £okl®iiiydrat» 
li0©li«»« 2» gS4t 40«»?1, 
l®yefhof", 0» a»i. Sl^ssling, *• 
ifm* ifetip it® fli©^pli©rjll«rteii ^i«eli«pir©askl;® 
ai» l«t8t«a flm»en. i.@i* itlkoh©lis©li«ii Sinaag# Bio-
%* ,ji2l sls-548» 
I f t ywtoo f i  © ,  aad E is ts l ing ,  W* 
lii®*, ffeiiif 41# Itelitrang a®r i®®ii#r#3a ftoo#pli©glj@(i3*iii-
®iter« (-sije«i»ln»aw®-j*'itioii|aidrsiw# wi 
tfer teifmitlslfslj## tl#t<5aig®wleli'fc# Mlmhm^ -WQt 
gs9*tsi* 
gteip#*. lioefe.#®, it sfit 40-4t# 
l»f«Ffe-of, ©« sua 1Kl®»«llag# *» 
ite#r ti# §#i©to*i»€llgk«it sfmtiseb®® 
.gififflg imt d«», llfsfimbi: 4»r i, •amp#«ii»lcmag®efe«ii 
• Sliroag»gl.»i6ls«g» lit S©!* 
s®i., '*** 
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i@s6*# ©i® l»««t@rwagsip@ftkti©a dw ffeoapls©b3?«tt«tr®u"b@a-
»«mf« alfe0li©l,i«eli»n %n®kmpgUwmR.t 3ioehmm» 
2, gilt t49-tf©.* • 
itftrliof# ©t lot# kl«#slliig|e w* 
1955®, fb®f d#ii a®mptiw«g dtr Milefeiiti3p«bil€iiiig in d®r 
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liS4^» H>#r t«» I«eiiw®l» fi?f©#«pli©«plioi?»tei?« &I0 
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• * gipi»®h«a ut»t ©i©a^s:©@t0a* -
pliospli^rstw©-, ble«b®a* s# l^t si-^llo# 
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sffub^rgn Cm itm e0l>©li !• 
•• fb#ip §lfe«piB»iiir«*»a©*ph«®pl»Fiiiif^«» fll# f#i?-
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il4i 1©0?» 
paraasj, j*,. f# aaa ikim, f« 
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